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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In Re : 


U.S. Patent No. 5,711,958 


Issued : 


January 27, 1998 


To : 


Daniel COHN and Eli PINES 


FOR : 


Methods for Reducing or Eliminating 




Post-surgical Adhesion Formation 


Mail Stop Patent Ext. 




Commissioner for Patents 




P.O. Box 1450 





Alexandria, VA 22313-1450 



APPLICATION FOR EXTENSION OF PATENT 
TERM UNDER 35 U.S.C. §156 



SIR: 



The present Applicant for patent term extension, SyntheMed, Inc., a corporation 
organized and existing under the laws of Delaware and formerly known as Life Medical 
Sciences, Inc., having a business address at 200 Middlesex Essex Turnpike, Suite 210, 
Iselin, New Jersey 08830, represents that it is the owner of the entire interest in and to 
U.S. Letters Patent No. 5,71 1,958, granted to Daniel Cohn and Eli Pines on the 27th day 
of January 1998, for "Methods and Compositions for Reducing or Eliminating Post- 
surgical Adhesion Formation" by virtue of an assignment from inventor Eli Pines in 
favor of Life Medical Sciences, Inc., recorded on January 26, 1999, at Reel 009718, 
Frame 0133, an assignment from Daniel Cohn in favor of Yissum Research Development 
Company of the Hebrew University of Jerusalem, recorded on January 26, 1999 at Reel 
009713, Frame 0446, and an assignment from Yissum Research Development Company 
of the Hebrew University of Jerusalem in favor of Life Medical Sciences, Inc., recorded 
on January 26, 1999 at Reel 009717, Frame 0760. Applicant changed its name from Life 
Medical Sciences, Inc. to SyntheMed, Inc., as evidenced by the certificate of name 
change appended hereto as Exhibit A, this certificate having been recorded in the Patent 
& Trademark Office on April 28, 2009 at Reel 033597, Frame 0909. Applicant, acting 
through the undersigned attorney, hereby submits this application for extension of patent 
term under 35 U.S.C. §156 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office under 37 C.F.R. §1.740. For 
clarity, the information submitted herein is presented in a format that tracks the 
provisions of 37 C.F.R. §1.740. 
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1 . The approved product is a bioresorbable adhesion barrier, marketed by 
Applicant under the trademark REPEL-CV. REPEL-CV Bioresorbable Adhesion 
Barrier is a single use, synthetic, bioresorbable polymeric film composed of 52% by 
weight poly-lactic acid (PLA) and 47% by weight polyethylene glycol (PEG). In the 
manufacturing of REPEL-CV, L-lactides and PEG components react to form PLA-PEG- 
PLA trib locks. These trib locks are chain extended with a biofunctional hexane moiety, 
via carbamate (urethane) linkages to yield the final polymer. This chain extension is 
achieved via the quantitative reaction of the PLA-PEG-PLA triblock with hexamethylene 
diisocyanate (HDI). REPEL-CV Bioresorbable Adhesion Barrier has an EO/LA ratio 
falling within the range of about 0.5 to about 5.0. 

2. Regulatory review of the approved product, PLA-PEG-PLA triblocks chain 
extended with a biofunctional hexane moiety via carbamate (urethane) linkages, occurred 
under Section 515 of the Federal Food, Drug and Cosmetic Act (21 U.S.C. §360e). 

3. The approved product, PLA-PEG-PLA triblocks chain extended with a 
biofunctional hexane moiety via carbamate (urethane) linkages, received permission for 
commercial marketing or use as a bioresorbable adhesion barrier under Section 515 of the 
Federal Food, Drug and Cosmetic Act (21 U.S.C. §360e) on March 6, 2009. 

4. The approved product is not a drug product. Accordingly, 37 C.F.R. 
§ 1.740(a)(4) is inapplicable. 

5. This Application for extension of patent term under 35 U.S.C. §156 is being 
submitted within the 60 day period pursuant to 37 C.F.R. § 1.720(f), said period which 
will expire on May 5, 2009. 

6. A complete identification of the patent for which extension is being sought is 
as follows: 

Inventor(s): Daniel Cohn and Eli Pines 



7. See "Exhibit B" for a complete copy of U.S. Patent No. 5,71 1,958, which is 
identified in Paragraph (6) above. 



Patent Number: 



5,711,958 



Issue Date: 



January 27, 1998 



Expiration Date: 



July 11, 2116, as determined by 35 U.S.C. 
§ 154(c) enacted pursuant to the General 
Agreement of Tariffs and Trade (GATT), 
[Pub. L. No 103-465 (H.R.5110), signed 
December 8, 1994, effective January 1, 1995]. 
As the patent issued from Application No. 08/678,762, 
filed Jul. 11, 1996, the patent term terminates 
twenty years after the date of filing. 
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8. No Terminal Disclaimer, Certificate of Correction or Re-examination 
Certificate has been issued with regard to U.S. Patent 5,71 1,958. All three maintenance 
fees have been paid. Appended hereto as Exhibit C are copies of the three Maintenance 
Fee Statements. 

9. U.S. Patent No. 5,71 1,958 covers a method of using the approved product. In 
particular, claims 1-7, 9, 1 1-17, 36-39, 42, and 43 read on the approved product. Claim 1 
of U.S. Patent No. 5,71 1,958 reads as follows: 

1. A method for reducing or preventing adhesions in a patient 
comprising exposing tissue which has been subjected to tissue damage 
and is at risk for the formation of adhesions to a polymeric composition 
comprising polymers which are chain-extended, substantially non- water 
soluble poly(hydroxy-carboxylic acid)/poly(oxyalkylene) ABA 
triblocks, where A is an aliphatic polyester and B is a polyoxyalkylene 
polymer unit, said polymeric composition comprising no more than 
about 1.0% by weight crosslinking and having an EO/LA ratio ranging 
from about 0.5 to 5.0. 

Applicant's REPEL-CV product is a bioresorbable adhesion barrier in the form of 
a single use bioresorbable polymeric film. In a method of using Applicant's REPEL-CV 
product, the polymeric film is applied to damaged organic tissue of a patient, thereby 
forming a barrier serving to reduce or prevent adhesion of the damaged tissue to adjacent 
tissue of the patient. The REPEL-CV polymeric film is applied to damaged tissue that is 
at risk for the formation of adhesions. Accordingly, in the language of claim 1, 
Applicant's REPEL-CV product is used in a method for reducing or preventing adhesions 
in a patient comprising exposing tissue which has been subjected to tissue damage and is 
at risk for the formation of adhesions to a polymeric composition. 

The REPEL-CV film product is made of a polymeric composition composed of 
52% by weight poly-lactic acid (PLA) and 47% by weight polyethylene glycol (PEG). In 
the manufacturing of REPEL-CV, L-lactides and PEG components react to form 
crosslinked PLA-PEG-PLA triblocks. These triblocks are chain extended with a 
biofunctional hexane moiety, via carbamate (urethane) linkages to yield the final 
polymer. Accordingly, in the language of claim 1, the triblocks are chain-extended, 
substantially non-water soluble poly(hydroxy-carboxylic acid)/poly(oxyalkylene) ABA 
triblocks, where A is an aliphatic polyester (PLA) and B is a polyoxyalkylene polymer 
unit (PEG). The polymeric composition of the REPEL-CV film product contains no 
more than trace amounts of crosslinking, which is, in the language of claim 1 , no more 
than about 1.0% by weight. The REPEL-CV polymeric composition has an EO/LA ratio 
(about 1.5) falling within the range of about 0.5 to about 5. 
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10. This paragraph provides the relevant dates and information pursuant to 
35 U.S.C. 156(g) in order to enable the Secretary of Health and Human Services or the 
Secretary of Agriculture, as appropriate, to determine the applicable regulatory review 
period. Inasmuch as Applicant's REPEL-CV product was reviewed as a medical device, 
Applicant provides the following information: 



A) An investigational device exemption (IDE) application was submitted 
February 5, 1998 and approved March 3, 1998 under IDE No. G980030. 



(B) A PMA application for product approval was submitted January 30, 
2007 under application No. P070005; and 



(C) The PMA application was approved on March 6, 2009, as evidenced 
by the letter appended in copy hereto as Exhibit D. 
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1 1 . As a brief description of the activities undertaken by Applicant during the 
applicable regulatory period, attached hereto as "Exhibit E" is a chronology of the 
activities undertaken by or communications made between Applicant and the IRB and 
between Applicant and the FDA from prior to the IDE submission on February 5, 1998 
until PMA approval was granted on March 6, 2009. 
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12. Applicant is of the opinion that U.S. Patent No. 5,71 1,958 is eligible for 
extension under 35 U.S.C. §156 because it satisfies all of the requirements for such 
extensions as follows: 

(a) 35 U.S.C. §156(a) 

U.S. Patent 5,71 1,958 claims a method of 
using a product. 

(b) 35 U.S.C. §156(a)(l) 

The term of U.S. Patent 5,71 1,958 has not expired 
before submission of this application. 

(c) 35 U.S.C. § 156(a)(2) 

The term of U.S. Patent 5,71 1,958 has never been 
extended. 

(d) 35 U.S.C. § 156(a)(3) 

The application for extension is submitted by the owner of record 
in accordance with 35 U.S.C. § 156(d) and the rules of the U.S. 
Patent and Trademark Office. 

(e) 35 U.S.C. § 156(a)(4) 

The product, REPEL-CV Bioresorbable Adhesion Barrier, has 
been subjected to a regulatory review period before its commercial 
marketing or use. 

(f) 35 U.S.C. § 156(a)(5)(A) 

The commercial marketing or use of the product, 
REPEL-CV Bioresorbable Adhesion Barrier, after the regulatory 
review period is the first permitted commercial marketing or use of 
the product under the provision of the Federal, Food, Drug and 
Cosmetic Act (21 U.S.C. §360e) under which such regulatory 
review period occurred. 

(g) 35 U.S.C. §156(c)(4) 

No other patent has been extended for the same 
regulatory review period for the product. 
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12'. The length of extension of the patent term of U.S. Patent 5,711,958 claimed 
by Applicant is 1,742 days or 4.77 years. The length of the extension was determined 
pursuant to 37 C.F.R. §1.777 as follows: 



(a) The regulatory review period under 35 U.S.C. §156(g)(3)(B) has a length of 
3,921 days or 10.74 years, determined under 37 C.F.R. § 1.777(c) as the sum of: 

(1) The period of 3,155 days or 8.64 years beginning on the date, 
no later than June 10, 1998, that an initial clinical investigation on humans 
involving the product (Pilot Clinical Study, see Exhibit E) began and 
ending January 30, 2007, the date that an application was initially 
submitted to the FDA for review; and 

(2) The period of 766 days or 2.10 years beginning on January 30, 
2007, the date the application was initially submitted with respect to the 
device under section 515 of the Federal Food, Drug, and Cosmetic Act and 
ending on March 6, 2009, the date that such application was approved 
under such Act. 



(b) According to 37 C.F.R. § 1.777(d), the term of the patent as extended is 
determined by - 

(1) Subtracting from the period of 3,921 days determined above 
the sum of calculations (i), (ii) and (iii) below, thereby obtaining 1,742 
days: 

(i) The number of days in the periods determined under (a)(1) 
and (a)(2) above which were on or before the date on which 
U.S. Patent No. 5,711,958 issued, that is, zero (0) days; 

(ii) The number of days in the periods determined under (a)(1) 
and (a)(2) above during which Applicant did not act with 
due diligence, which Applicant contends is 436 days (the 
period extending from February 28, 1999 to May 9, 2000 - 
see Exhibit E); the delay from October 2006 to January 
2007 was not attributable to any lack of diligence on the 
part of the Applicant but rather to delay on the part of the 
FDA in determining which division of the FDA was 
appropriate for receiving and acting on Applicant's PMA 
application (see Exhibit F for details of the competing FDA 
divisions); 

(iii) One-half the number of days remaining in the period 
defined by sub-paragraph 12'(a)(i) above after that period is 
reduced in accordance with sub-paragraphs (b)(l)(i) and 
(b)(l)(ii) above, or 1,742 days 4.77 years (3,921/2); 
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(2) Adding 1,742 days, determined in sub-paragraph 12'(b)(l) 
above to the term of U.S. Patent No. 5,71 1,958, as shortened by any 
terminal disclaimer (none) to obtain April 17, 2021 (1,742 days after July 
11,2116); 



(3) Adding 14 years to March 6, 2009, the date of approval of the 
application under section 515(f)(6) of the Act, resulting in March 6, 2023; 

(4) Comparing the dates determined in sub-paragraphs 12'(b)(2) 
and 12'(b)(3) above with each other and selecting the earlier date, namely, 
April 17, 2021; 

(5) Inasmuch as the original patent issued after September 24, 

1984, 

(i) Adding 5 years to the original expiration date of U.S. 

Patent No. 5,71 1,958 to obtain the date of July 11, 2021; 



13. Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services or the 
Secretary of Agriculture any information which is material to the determination of 
entitlement to the extension sought. 

14. The prescribed fee of $1,120.00 under 37 C.F.R. § 1.200(1) for receiving and 
acting upon this application is enclosed. The Commissioner is authorized to charge any 
deficiency in the enclosed fee or credit any overpayment to deposit account 04-0838. 

15. Inquiries and correspondence relating to the present application may be 
directed to the person, address and telephone number set forth below. 



and 



(ii) 



Comparing the dates determined in sub-paragraphs 
(12')(b)(4) and (12')(b)(5)(i) above with each other and 
selecting the earlier date, namely, April 17, 2021. 



Respectfully submitted, 
Colemjan SudolW9py6^a 





714 Colorado Avenue 
Bridgeport, 6T 06605-1601 
(203) 366-3560 
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PAGE 1 

The Jxrst State 

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF 
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT 
COPY OF THE CERTIFICATE OF AMENDMENT OF "LIFE MEDICAL SCIENCES, 
INC. ", CHANGING ITS NAME FROM "LIFE MEDICAL SCIENCES, INC. " TO 
"SYNTHEMED, INC. ", FILED IN THIS OFFICE ON THE TWENTY-FIFTH DAY 
OF APRIL, A.D. 2005, AT 2:06 O'CLOCK P.M. 

A FILED COPY OF THIS CERTIFICATE HAS BEEN FORWARDED TO THE 
NEW CASTLE COUNTY RECORDER OF DEEDS. 

AND I DO HEREBY FURTHER CERTIFY THAT THE EFFECTIVE DATE OF 
THE AFORESAID CERTIFICATE OF AMENDMENT IS THE TWENTY-EIGHTH DAY 
OF APRIL, A.D. 2005, AT 12:01 O'CLOCK A.M. 




2237596 8100 
050331178 




Harriet Smith Windsor, Secretary of State 
AUTHENTICATION: 3834523 



DATE: 04-25-05 



State of Delaware. 
Sear&tary of State 
Division of Corporations 
Delivered 02:11 PM 04/25/2005 

FILED 02:06 m 04/25/2005 CERTIFICATE OF AMENDMENT 

SRV 050331178 - 2237596 FILE QF 

THE RESTATED CERTIFICATE OF INCORPORATION 

OF 



LIFE MEDICAL SCIENCES, INC. 



It is hereby certified that: 

FIRST: The name of the Corporation is: 

LIFE MEDICAL SCIENCES, INC. 

SECOND: The amendment of the Restated Certificate of Incorporation of 
the Corporation effected by this certificate of amendment is as follows: 

To change the name of the Corporation. 

THIRD: To accomplish the foregoing amendment, Article FIRST of the 
Restated Certificate of Incorporation of the Corporation, relating to the name of the 
Corporation, is hereby amended to read in its entirety as follows: 

'The name of the Corporation is: SyntheMed, Inc." 

FOURTH: This amendment shall not become effective until 12:01 a.m. 
(Eastern Standard Time) on April 28, 2005. 

FIFTH: This amendment has been duly adopted at a meeting of 
stockholders in accordance with the provisions of Section 242 of the Delaware 
General Corporation Law. 

IN WITNESS WHEREOF, the undersigned, being a duly authorized officer 
of the Corporation, has executed this Certificate of Amendment on behalf of the 
Corporation and affirms the statements herein contained as of the date set forth below. 

Date: April 22, 2005 



LIFE MEDICAL SCIENCES, INC. 



By: S/Robert Hickev 
Title: President and CEO 
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METHODS FOR REDUCING OR tiaUy non-water soluble triblocks and which are non- 

ELIMINATING POSTSURGICAL ADHESION crosslinked and prepared prior to introduction into the 

FORMATION patient 

Ideally, a physical barrier for adhesion prevention should 

The present invention relates to the discovery that the use 5 be completely absorbable and nonreactive. In addition, it 

of biodegradable polymeric compositions can prevent or should stay in place in the body with a minimum of suturing 

reduce communication between two sites after surgery and or stapling. 

thereby significantly reduce and in some cases, actually OBJETTS OF THE INVENTION 

prevent post-operative adhesions which often occur during OBJECTS OF THE INVETUIUN 

the initial phases of post-surgical repair. w ft . g ^ oh ^ a q{ ^ ^ stni mvena0 n to provide poly- 

_ ^ «„ rT ,^ WT ™ meric barriers which may be used to substantially prevent 

BACKGROUND OF THE INVENTION ^ tQ Ussue adhesions y and adhes ions between. 4sue„and„.„ 

A major clinical problem relating to surgical repair or implants and devices, 

inflammatory disease is adhesion which occurs during the 15 it i s an additional object of the invention to provide 

initial phases of the healing process after surgery or disease. polymeric materials in film, other solid structures such as 

Adhesion is a condition which involves the formation of rods, cylinders, porous structures such as foams, dispersions, 

abnormal tissue linkages. These linkages which form can viscous solutions, liquid polymers, sprays or gels which may 

inipakbcKlily function, produce infertility, obstruct the intes- be administered easily and with uniform results after sur- 

tines and other portions of the gastrointestinal tract (bowel 2Q gcry. 

obstruction) and produce general discomfort e.g. pelvic it is a finlher object of me invention to r^ovide polymeric 

pain. The condition can be life threatening. The most com- materials which may be used to substantially prevent adhe- 

mon form of adhesion occurs after surgery as a result of sions m £ wn ich may be effective for delivering bioactive 

trauma, although adhesion may occur as a result of other a g en ts. 

processes or events such as pelvic iiiflainmatory disease 25 ft . $ an additional objcct of ^ invention to provide 

mechanical injury, radiation treatment and the presence of bioabsorbab ie polymeric materials which can be produced in 

foreign material. a varietv Q f formulations which have acceptable strength, are 

Various attempts have been made to prevent postoperative non-reactive with patient tissue and are bioabsorbabie. 

adhesions. For example, the use of peritoneal lavage, hep- ^ object Qf me pfesent invention to pr0 vide 

arinized solutions, procoagulants, modification of surgical 30 polymeric barriers which can be used in various forms, e.g., 

techniques such as the use of microscopic or laparoscopic ftlms other smicftires sucn ^ rods cylinders, foams, 

surgical techniques, the elimination of talc from surgical ' dispersions, liquid polymers, sprays or viscous 

gloves, the use of smaller sutures and the use of physical ° olutioi ^ t0 ^ovi&e flexibility in adrninistration and use. 

Unfortunately, very limited success has been seen with these gleaned torn toe detailed description of the present inven- 

methods. Barrier materials, in various forms such as films *"» which follows. 

and viscous intraperitoneal solutions, which are designed to SUMMARY OF THE INVENTION 
limit tissue apposition, have also met with only limited 

success. The best of these barrier materials include cellulosic 40 The present invention relates to a method f or eliininating 

barriers, polytetrafluoroethylene materials, and dextran solu- or reducing post-surgical tissue adhesions using polymeric 

tions. Also, a number of films based on polylactic acid, materials which are non-crosslinked, substantially integral 

polyglycolic acid and copolymers of the two have proven to and relatively rapidly bioabsorbabie. It is the combination of 

be unsuccessful. Indeed, most barrier materials have met these characteristics in polymers of the present invention 

with failure because these materials can induce untoward 45 which has produced favorable results in substantially reduc- 

biological effects, e.g., foreign body reaction. ing or even eliminating post-operative adhesions. Moreover, 

U.S. Pat. No. 5,410,016 to Hubbell, et al. is directed to the method of the present invention is performed sknply and 

photopolymerizable biodegradable gels for use as adhesion in a cost-effective manner 

barriers, as control release systems for drugs, to provide expensive equipment Unlike the prior art methods the 
temporary protection of tissue surfaces and for adhering or 50 present invenUon is used under sterile conditions without 
seXg^sfues together. Hubbell, et al. discloses water- exceptional efforts to maintain f^^^^** 
soluble macromonomers containing photopolymerizable sity of Eradiating the patient In ad^on, ^ J^^™ 
groups on each end which are adimnistered or placed on used in the present invention £.g. Mms or 
tissues prior to a photopoiymerization step. After structures of polymer) exhibit sufficient stength and flex- 
administration, the macromonomers are photopolymerized 55 ibility to be able to conform to a site to be protected and 
in situ in order to produce a crosslinked polymer on the allow a suture to hold a polymer structure in place at the site 
tissue. The method of Hubbell, et al. suffers from the of surgery. 

disadvantage that it produces non-uniform, highly It now has been discovered that the substantially non- 
crosslinked, weak polymers. Furthermore, the Hubbell sys- crosslinked polymers according to the present invention, 
tem is a cumbersome system, requiring additional equip- 60 which are able to generate an integral barrier, are advanta- 
ment and expertise which adds to the cost of the treatment geously employed in reducing and even completely elimi- 
In addition, the method suffers from the disadvantage that nating post-surgical adhesions. The present method com- 
the patient must be irradiated with energy to polymerize the prises administering or affixing to an area in a patient's body 
macromonomers during or after surgery, potentially com- at risk for developing adhesions, a polymeric composition 
promising sterility and complicating and prolonging the 65 comprising chain-extended poly(hydroxycarboxylic acidy 
surgical process. In contrast to the polymers of Hubbell, et poly(oxyalkylene) ABA triblocks. In many embodiments, 
al., the present polymers and methods make use of substan- the method comprises adnumstering the instant polymer 
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compositions to a site within the patient's body which has as a film, rod. tube, bead, foam or ring or dispersions, sprays, 
been subjected to surgical repair or excision. In the present gels, liquid polymers, viscous liquids and viscous solutions, 
invention, the polymeric material provides a barrier to among others, according to the present invention, 
prevent adhesions from forming. After this period of Preferred polymers for use in the present invention have 
protection, the polymer will degrade and will be resorted j the following characteristics: they are chain-extended, sub- 
within the patient's body and/or excreted from the patient's stantially non-crosslinked and biodegradable. Preferred 
body. According to the present method, problems associated polymers are also non-reactive. i.e., they do not produce an 
with non-absorbtion or foreign body reactions are signifl- unintended or adverse tissue reaction. The present polymers 
cantly reduced or prevented. are advantageously used as barrier materials to reduce or 

The polymer may be administered in various forms such 10 prevent adhesion. Polymers used in various preformed struc- 

as films cTer structures including rods, cylinders, foams. tures such as films accordbig to the present invention are 

dispersions viscous solutions, liquid polymers, sprays or sufficiently flexible to enable the polymer to substantial* 

2?T?e fomTr^mS takes* the s'urgical rite will conform to the surface of the tissue to be Seated, yet at the 

Spend upon the type of surgery which has been performed same time have sufficient strength to function as an integnd 

Z&£^MI^^»A**te*>1* 15 and therefore effective barrier to allow sutunng Ae matenal 

treated. In addition, the need to deliver the polymer to a to tissue. Polymers used in other forms such as geh dis- 

particular site within the body may be determimtive of the persions and viscous solutions according to the , present 

form in which the polymer is delivered. The present method invention also have sufficient structural integrity to be 

rnTbe used after virtually any surgery to prevent tissue delivered to a sUe within the body and prevent adhesions £ 

lesion which occurs during the initial phases of post- M the same time that me rx>lymers are water soluble and/or 

surgical repair. Thus, in all applications where tissue is being water dispersible in order to be delivered. . . 

repaired or excised, the polymers according to the present In the present invention. PELA is the generic name used 

invention find utility to prevent adhesions. Generally, the to denote the preferred polymers comprising poly(ethylene 

polymers are used to prevent tissue to tissue adhesion and oxide) and poly(lactic acid) blocks, being chain extended 

adhesions between tissues and implants or devices, which „ with a diisocyanate. most preferably hexamethylene diiso- 

occur after surgical procedures, as well as other conditions. cyanate. PELA polymers are generally designated with 

including certain disease states. respect to their composition by the average molecular 

The present polymers are based on poly(hydroxy- weight of the poly(ethy ene oxide) chain and by the (EO/ 

carboxyUc acidVpoMoxyalkylene) ABA triblocks. where A LA) ratio of the ABA triblock. where EO is the number of 

Homeric un* preKy derived from an aliphatic 30 ethylene oxide umts present mthe poMcthylene oxide B 

ilXxy carboxylkTacid or related ester, such as. for block and LA is .the ^number off lactoyl umts present* 

example, lactic acid, lactidc, glycolic acid, glycolide. or a two A blocks of the ABA triblock. 

related aliphatic hydroxycarboxylic acid or ester (lactone) In the present invention, the ABA tnblock is a substan- 

such as, for example, e-caprolactone, 5-gIutarolactone. tially non-water soluble unit preferably cornpnsing poly(ct- 

5-valerolactone. y-butyrolactone and mixtures, thereof. The 35 hydroxy acid) blocks and ethylene glycol, diethylene glycol 

use of a-hydroxyacids in the present invention is preferred. and poly(ethylene oxide) chains or polyethylene oxide)-co- 

The A block of the triblocks used in the present invention poly(propylene oxide) block copolymers. The A block of the 

preferably comprises a poly(a-hydroxy-carboxylic acid), for ABA triblocks of the present polymers is biodegradable and 

example, polyfglycolic acid). poly(L-lactic acid) and poly ranges in size from one monomelic unit (a monomenc unit 

(Dxlactic acid), because these polymers will degrade and 40 within the A block being considered lactic acid, gly colic aad 

produce monomenc units which may be readily metabolized or a related hydroxy acid unit even where lachde and/or 

by the patient The B block in the triblocks used in the glycolide or related reactants containing more than one 

present invention are generally hydroxyl or amine termi- hydroxyacid unit are used to produce the A block) up to 

nated poly(oxyalkylene) blocks and are preferably either about 200 or more monomelic units, with a preferred size 

poly(ethylene oxide) homopolymers or polyethylene oxide) 45 ranging from about 4 to about 50 units, more preferably 

^o-poly(propylene oxide) block copolymers. about 6 to about 30 unite, even more preferably about 8 to 

The above triblocks are preferably end-capped with about 16 monomeric units, which length depends upon fce 

hydroxyl groups and are chain-extended using difunctional length or molecular weight of the Bblock warded 1 withthe.. 

clZ S such as diisocyanates. dicarboxylates. ^^^^r^^l^'TT^ii 

diesters or diacyl halide groups in order to chain extend the so to be noted that the size of the A block may well f all p"^"^ 

triblocks into high molecular weight polymer chains. of the above range, depending upon the overaU physical 

StemSvely the SbloSs may be endUcapped with groups characteristics of the ABA triblock formed and the size of 

such as carboxylic acid moieties or ester groups (which may the B block. ^ 

be reacted directly as ester groups, activated as "active" ester The A block is derived preferably from an a-hydroxy aad 

groups or converted to active acyl groups such as acyl $5 as described above, more preferably from umts of glycolic 

halides) or isocyanate groups and then reacted with difunc- acid, lactic acid (preferably LorDl mixtures to promote 

tional chain extenders such as diols, diamines, bioabsorbability) or mixtures thereof, in the form of gly- 

hydroxylamines. or polyoxyethylcne (polyethylene glycol) colide or lactide reactants (as explained in greater detail 

chain extenders (especially, in the case of water soluble or hereinbelow). In the final polymers to be used to reduce or 

water dispersible gels, dispersions or viscous solutions) 60 prevent post-operative adhesion, the A blocks tend to create 

among others, to produce chain extended polymers having hard domains in the matrix and generally provide strength 

hism molecular weight It is the fact that the polymers and structural integrity to the polymer. The A block is 

according to the present invention comprise chain-extended non-water soluble and is sized in combination with the more 

trimers which have relatively high molecular weights and water soluble/water dispersible B block in order to promote 

are substantially non-crosslinked. which provides polymeric 65 phase separation between the the A and B blocks in the ABA 

characteristics which are advantageously employed in bar- triblock and the filial polymer to be used to prevent or reduce 

riers of various forms including a preformed structure such adhesions. Thus, the A block instills the final polymer with 
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essential structural characteristics, which, in combination about 2.5 to about 3.5 and most preferably about 3.0. In 

with the B block, results in a polymer which has excellent certain instances, the EO/LA raho may fall outside of these 

anti-adhesion characteristics (believed to be instilled by the ranges, depending upon the final characteristics of the poly- 

B block) in combination with strength, structural integrity mers which are desired. Preferred EO/LA ratios for indi- 

and biodegradability instilled by the A block. In addition . the 5 yidual polymers may also vary according to the size of the 

length of the A block is important for providing a material g block and the type of chain-extender which is used, 

with a phase separated microstructure. Generally, as the size (molecular weight) of the B block in 

The B block preferably comprises polyethylene oxide) or the triblocks increases, the preferred EO/LA ratio will tend 

poly(ethylene oxide)-co-poly(propylene oxide) block t0 be somewhat less than in triblocks and polymers where 

copolymers and other PEO-rich chains which fall in the 10 th e s i M Q f the B block is less. 

molecular weight (M w ) range as defined hereinbelow. The B Tailoring the properties of the antiadbesion barriers gen- 
block may preferably vary in size from about 160 Da (dalton erated b y the present polymers is based upon combining (a) 
units) up to about 200.000 Da or higher, with a more ^ ennanced antiadhesion properties attributed, by way of 
preferred range of about 1.000 Da up to about 20.000 Da. by |he pEG ^ block) segments; (b) the biodegrad- 
Even more preferably, the B block is a poly(ethylene oxide) l5 ability of ^ poly(a-hydroxy acid) A blocks; and (c) the 
ranging in size from about 3.000 to about 10.000 Da. Based mec hanical properties derived from the partially phase sepa- 
upon the teachings of the present invention, one of ordinary rated microstructure of the polymeric matrix, 
skill will now know to vary the length of the B block and the The M . a me pEG ^ block) CO ntent the less efficacious 
A block to provide polymers having excellent anti-adhesion ^ wm ^ as an antiadhes ion barrier, but also the 
properties. 20 mc polymer degrades. Since there is a requirement for 
The triblocks according to the present invention are me barrier to stay in place separating the relevant tissues for 
generally described according to the length (number of a determined period of time, there is an optimal EO/LA ratio 
monomeric repeating units) of the B block [preferably. which combines maximum PEG content with -the biologi- - 
poly(ethylene oxide), the repeating unit being in this case ^ fequired rcsidellC c time. In agreement with these basic 
ethylene oxide units] divided by the total number of 2S considerations, preliininary animal data indicate that poly- 
a-hydroxy acid units in both A blocks (preferably, lactic mcfs q{ ^ xat invention comprising PEG chains of a 
acid) of the ABA triblock. This ratio is referred to as the g m weight and naving an eq/LA ratio of 
EO/LA ratio. Polymers comprised of ABA triblocks which approximately 3 0. display optimal properties as antiadhe- 
are chain extended pursuant to the present invention also ^ baniers 

may be described in terms of an EO/LA ratio for this 30 n me rf|he t invcntion , one of 

preferred polymer. These polymers may ^^J^*** ordinar y skill in the art will now know to vary the length of 

with respect to their composiuon by the average molecular or« *7 ^ ^ 

weight of me poly(ethylenex>xide) W^V^^S! P^V"^ **rtng excellent structural integrity, biodegrad- 
weightpercentageofmeraGch^nmme^blc^Ks^ £ substantially inhibits post- 

be noted, however, that in instances where the chain 35 a<1h „ ion J 

extender comnrises a poly(ethylene oxide) chain, the EO/LA operative aonesion. 

mto to SXn extSded polymer may vary considerably The polymers according to the present mvenhon are 

from me EO/LA ratio found in *e ABA triblock (the total chain-extended and attain high molecular weightThey are 

amount of EO may become considerably larger because of substantially non-crosshnked. In order to increase die 
c^tribution of EO from the chain extender, and 40 molecular weight of the polymer produced ^ Jjjoxyl 

SnSuentty L EO/LA ratio for the polymer may be end-capped ABA triblock is chain-extended using difunc- 

SnXably larger than it is for u/aBA triblock). tional compounds such as dnsocyanate. 

Likewise £e weight percentage of PEG found in such a compounds or derivatives of dicarboxylic acids such as 

^ym« may aTso be q^te different from that found in the diacyl haUdes. Preferably, the nucleophilic end-capped tri- 
4R4ir'hZt 45 blocks are chain-extended with dusocyanate compounds in 

aba tnoiocK. order to produce chain-extended polymers according to the 

The concept of the p^nYiLntion. In the case of structures such as films, the 

fff^ f.^fr^^S^ Slextenoersareusedtoprc^degreatermolecularweight 

ethylene oxide units and two A blocks each containing, on £^™JKS2 £ e patient's body. ThuTthe chain 

polymer can be designated as 6-000/69^%. where 6,000 is f beneficial morphologi- 

the average molecular weight of the PEG chains, and 69.8% a diocks. w ™ cn J"^" " ^ 
is the weight percentage of PEG in the ABA triblock. For cal and mechanical effect. 

mtoPELA6 000/3.8 polymer, the molecular weight of the The final polymers according to the present , invention may 
^^^S^yKm^tatUWQA^^ 60 be non-water soluble or in certain liquid viscous solution 
rVo ^oly SS^So? A. blocks each having a molecular and/or gel appUcations may absorb significant quantities of 
weight of approximately 1296, for a total for the two A water. 

blocks of 2592) The weight percentage of the PEG block in The present invention therefore relates to polymer com- 
this triblock is. accordingly. 69.8% (6.000/8592). positions and to methods of substantially reducing or pre- 

The EO/LA ratio for polymers according to the present 65 venting tissue adhesions in patients comprising exposing 
invention preferably ranges from about 0.5 to about 5.0. damaged tissue in a patient to a polymeric composiuon of 
more preferably about 2.0 to about 4.5. even more preferably the present invention in various forms, such as films, viscous 
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solutions or gel forms. Depending upon the type of tissue to 
be treated the extent of injury which has occurred* the 
nature of the surgical procedure performed and the way the 
polymer is administered, the polymeric composition accord- 
ing to the present invention may be used advantageously in 5 
different forms such as an integral film, a dispersion as well 
as a gel or a viscous solution. The present polymers may be 
used in conjunction with any type of surgical procedure, and 
in particular, intrabdorninal, intraperitoneal or in pelvic 
surgery. More specifically, the present polymers may used to 10 
substantially reduce or prevent adhesions in conjunction 
with musculoskeletal surgery, abdominal surgery, gyneco- 
logical surgery, ophthalmic, orthopedic* central nervous 
system, cardiovascular and intrauterine repair. 

15 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following terms shall be used throughout the speci- 
fication to describe the present invention. 2Q 

The term "adhesion" is used to describe abnormal attach- 
ments between tissues or organs or between tissues and 
implants (prosthetic devices) which form after an inflam- 
matory stimulus, most commonly surgery, and in most 
instances produce considerable pain and discomfort. When 25 
adhesions affect normal tissue function, they are considered 
a complication of surgery. These tissue linkages often occur 
between two surfaces of tissue during the initial phases of 
post-operative repair or part of the healing process. Adhe- 
sions are fibrous structures that connect tissues or organs ^ 
which are not normally joined. Common post-operative 
adhesions to which the present invention is directed include, 
for example, intraperitoneal or intraabdominal adhesions 
and pelvic adhesions. The term adhesions is also used with 
reference to all types of surgery including, for example. 35 
musculoskeletal surgery, abdominal surgery, gynecological 
surgery, ophthalmic, orthopedic, central nervous system, 
cardiovascular and intrauterine repair. Adhesions may pro- 
duce bowel obstruction or intestinal loops following 
abdominal surgery, infertility following gynecological sur- ^ 
gery as a result of adhesions forming between pelvic 
structures, restricted limb motion (tendon adhesions) fol- 
lowing musculoskeletal surgery, cardiovascular complica- 
tions including impairing the normal movement of the heart 
following cardiac surgery, an increase in intracranial 45 
bleeding, infection and cerebrospinal fluid leakage and pain 
following many surgeries, especially including spinal sur- 
gery which produces low back pain, leg pain and sphincter 
disturbance. 

The terms "poly(ethlyene glycol)", "poly(oxyethylene)" 50 
and polyethylene oxide are used interchangably to describe 
the present invention. 

The terms "poly(hydroxy carboxylic acid)** or "poly(a- 
hydroxy carboxylic acid)" are used to describe polyester A 
blocks of ABA triblocks used in polymeric compositions 55 
according to the present invention where A is a polymeric 
polyester unit derived from an aliphatic hydroxy carboxylic 
acid or a related ester or dimeric ester and is preferably 
derived from an aliphatic a-hydroxy carboxylic acid or 
related ester, including a cyclic dimeric ester, such as, for 60 
example, lactic acid, lactide, glycolic acid, glycolide, or a 
related aliphatic hydroxycarboxylic acid or ester (lactone) 
such as. for example, e-caprolactone, 5-glutarolactone, 
8-valerolactone, Y-t>utyrolactone and mixtures, thereof. The 
use of a-hydroxyacids and their corresponding cylic dimeric 65 
esters, especially lactide and glycolide in the present 
invention, is preferred. 
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The term 4i non-water soluble** or "substantially non-water 
soluble** is used to describe ABA triblocks used in various 
forms such as films, gels, dispersions and viscous solutions 
according to the present invention. In the present invention, 
in forms such as viscous solutions, in which the polymers 
are substantially water soluble, the ABA triblocks are also 
non-water soluble. Non-water soluble triblocks are soluble 
in water up to a limit of no more than about 0.5-0.6 g per 
100 ml of water, preferably less than about 0.2 g per 100 ml 
of water. In detennining water solubility, triblocks according 
to the present invention are dissolved in. agitated or mixed 
in water at room temperature (i.e.. at a temperature of about 
20°-23° C.) for a period of two hours. It is noted that in the 
present invention, chain extended triblocks which are used 
to produce structures such as films according to the present 
invention are also substantially non-water soluble, i.e, they 
are limited in water solubility to no more than about 0.2 
mg/ml. This limitation of water solubility reflects the fact 
that triblocks which are preferably used in the present 
invention comprise at least about 25-30% by weight of A 
blocks. 

An amount of the two A blocks comprising at least about 
25-30% by weight of the triblocks generally renders the 
ABA triblocks according to the present invention substan- 
tially non-water soluble. This characteristic is advantageous 
in the present polymeric compositions because the length 
and/or size of the A block instills structural integrity and 
biodegradability to the final polymer, but also, by virtue of „ 
the relative hydrophobicity of the block, tends to reduce the 
water solubility of the ABA triblock. Consequently, poly- 
meric compositions according to the present invention 
which contain a proper balance of A blocks to B block have 
a slow rate of biodegradability and consequently, a longer 
period of interaction with tissue to be protected from adhe- 
sion formation. 

Polymers to be used in viscous solutions, dispersions 
and/or gels according to the present invention are preferably 
water soluble and/or water dispersible and use the same or 
similar ABA triblocks used in polymeric structures such as 
films according to the present invention. In certain applica- 
tions of the present inventions, in particular, in producing a 
liquid version which is substantially non-water soluble, 
having acceptable viscosity and flow characteristics for 
favorable administration, the polymers are actually substan- 
tially non-water soluble. Consequently, in applications such 
as films as well as in gel, dispersion and viscous solution 
applications, regardless of the way the polymers are 
adrninistered, the ABA triblocks which are preferably used 
are substantially non-water soluble. 

The term "EO/LA ratio** is used to describe the relative 
amount of poly(ethylene oxide) or polyethylene oxide)-co- 
poly(propylene oxide) and hydroxy carboxylic acid 
(preferably, a-hydroxy carboxylic acid, most preferably, 
lactic acid) which is used in ABA triblock copolymers and 
chain-extended polymers according to the present invention. - 
This term refers to the length (number of monomelic eth- 
ylene oxide units) of the B block [preferably, poly(ethylene 
oxide)] divided by the total number of a hydroxy acid units 
in both A blocks (preferably, lactic acid) of the ABA triblock 
as described hereinabove. Polymers comprised of ABA 
triblocks which are chain extended pursuant to the present 
invention are also described in terms of an EO/LA ratio. 
Preferred polymers according to the present invention have 
EO/LA ratios ranging from about 0.5 to about 5.0, more 
preferably about 2.0 to about 4.5. even more preferably 
about 2.5 to about 3.5 and most preferably about 3.0. 

The term "non-crosslinked** or "substantially non- 
crosslinked** is used to describe polymers which exhibit or 
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display a substantial absence of crosslinking. Polymers preferable to employ a difunctional chain extender which 

according to the present invention which are substantially contains as little trifunctional (or higher functionality) com- 

non-crosslinked are associated with substantial post-surgical pound as is practical. Also, the occurrence of side reactions 

adhesion prevention or reduction. In certain embodiments, which would lead to crosslinking of the polymers is 

the present polymers actually prevent adhesions. Polymers 5 negligible, due to both compositional as well as experimen- 

according to the present invention which preferably contain ^ parameters of the synthesis of the polymers of the present 

less than about 1.0% crosslinking. more preferably less than invention. 

about 0.5% by weight crosslinking. even more preferably m me Q f polymers which are used in structures such 

less than about 0.1% by weight crosslinking, most prefer- &$ me chain extenders are preferably non-water 

ably less than about 0.05% by weight crosslinking are 10 soluble ^ mc case 0 f polymers which are used in systems 

advantageously employed in the present invention. As used sucn ^ water so i u ble gels, dispersions or viscous solutions, 

herein, reference to 1.0%. 0.5%, 0.1% etc. crosslinking me chain -extenders are preferably highly water soluble, 

refers to the amount by weight of a crosslinker which may preferred water soluble chain-extenders include, for 

be found in the polymers of the present invention. example, polyethylene glycol diisocyanates. with the poly- 

The polymeric compositions according to the present j 5 ct hyi cne glycol chain ranging in molecular weight from 

invention are chain-extended rather than crosslinked. In the aD0Ut 200 to about 10.000 or more with a preferred molecu- 

present compositions, chain-extension provides the type of lar we jght ranging from about 600 to about 6.000, even more 

structural integrity and uniformity associated with the preferably about 600 to about 2.000. In cases where the 

exceptional performance of the polymers of the present preferred embodiment is a non-water soluble polymer in a 

invention as anti-adhesion barriers. While not being limited ^ j|q uid f oim> me chain extenders may also be substantially 

by way of theory, it is believed that chain-extension, in non-water soluble. The role of the chain-extenders in the 

contrast to crosslinking. allows a degree of mobility and gels an< j/or viscous solutions according to the present inven- 

flexibility of the hydrophilic B block which is consistent tfon is to promote the water solubility/dispersibility of the 

with anti-adhesion activity. The polymeric compositions polymers in an effort to provide polymers which arc readily 

according to the present invention provide an environment 25 deliverable to a site in a patient's body, 
in which the A blocks (of the ABA triblock) will form stable, utilizing chain extenders rather than crosslinking 

hydrophobic hard, and often partially crystalline, ^ ±c „, po i ym ers are substantially non- 

microphases of high structural integrity and the B blocks CT0SS iinked. vet integral, and have the advantage of having 

will form hydrophilic. flexible phases, which are believed to excdlent stnictura i integrity and characteristics such- as- - 

be primarily responsible for good anti-adhesion activity. The 30 stren0h and flexibility, which are advantageous for produc- 
formation of this microstructure. which is associated with an effident banier for preventing adhesions. Also its is 

polymeric compositions according to this invention and in ^ me present polymers substantially avoid the 

particular, the flexibility of the PEG B blocks, produces formation Q f particles or break-down products which occur 
excellent barriers for the reduction or prevention of post- ^ rf ^ . ^ „i ymer compositions, 
surgical adhesions Crosslinking not only ^ts molecular 35 ^ CQUS fcamrc of mc t mventi o n . 

mobility, of special importance being its effect on thePEG £^ non-crosslinked polymers ofthe present inven- 
segments. but also hampers or even prevente microphase m ^ prc «nt invention tc "substantially 

segregation from ^^Z^SZ£^ST^ ^JX™Z^™"^^*"V 

seen as bemg associated with the production of less sue- PJ fc ^ ^ non ^ osslinked vtayma 

cessful anti-adhesion barriers 40 ^ { ^ ter mobiliry of 

As used m the present invention the ABA tablocks in fte yoxyaikyiene blocks (and in particular, polyoxyethylene 

present polymers are chau, extended. The chain extenders {J^ - ^ the ABA triblock used in the present 

which are used are functional compounds which »ct«b inventi o n . a condition which is believed to at least partially 

the end-cap group of U»e tnblocks to produce the chain "vena ^ 
extended triblocks accordmg to the present invention^ ^the « P substantially reducing or preventing adhesions, 
present invention, the amount of chain extender which i is ^ mas t0 me present inven- 

mcludedwithmmepolymersac^^ ^ ^ ^ enhance ^ separatio „ of mc 

tion may vary Thus, the molar ratio of cham extender to ^ ^ ^ a 

ABA triblock in the present polymers vanes from about 05 assoc iated with the superior performance 

toab^tZO^boutlStoa^ut^ so of ^ mvcntio „ ^ an £^ e sion barriers. 

of moles of difunctionai chain extender and the number of or mc P 01 ' 1 " 09 U1 

moles of ABA triblock). more preferably about 0.8 to about The term "integral- is used * <^ 
1.2 and most preferably about 1.0. It is noted that in ing to the present invention which are ^bs^aUy non- 
synthesizing the present chain-extended polymers, the permeable to mesenchymal cells, platelets blood ceUs and 
mount of chain extender which is reacted with difunctional » other cells which are involved in the biology ^of adhesion 
triblock to produce polymer is generally slightly higher than formation tategral polymers preclude <* u ? £^ 
the amount which fa Expected to be included in the final involved in the adhesion process from crossing the polymer 
svnthesized Dolvmers barrier and initiating the adhesion process. Integral polymers 

crosslinking compound (such term signifying a compound eliminating adhesions. 

containing at least 3 functional groups which can react with The term "chain-extended" is used to describe polymers 

the end-cap group of the triblock and which generally appear according to the present invention wherein the basic triblock 

in a chain extender sample as a side product of the synthesis is reacted with a difunctional chain-extender to increase the 
or production of the chain extender), more preferably, less 65 molecular weight of the present polymers. The present 

than about 0.5% by weight of a trifunctional compound and polymers are substantially non-crosslinked and are instead, 

even more preferably less than 0.1% by weight It is most chain-extended to provide sufficiently high molecular 
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weight polymer chains to enhance the strength and integrity 
of the final polymer compositions as well as affecting the 
rate of degradation. It is noted that chain extension of the 
polymers provides adequate strength and integrity of the 
final films and other structures, yet allows a degree of 
motility of the individual polyoxyalkylene B blocks within 
the ABA triblock in order to maximize the adhesion inhib- 
iting characteristics of the films. In contrast, crosslinked 
polymers provide a more rigid structure which is believed to 
severely limit movement of the individual polymeric blocks. 

The term "biodegradable" relates to the characteristic 
whereby a polymer will degrade in the body. The polymers 
according to the present invention readily degrade in vivo 
and breakdown readily into monomelic units of hydroxy 
acids. In the case of the PEG chains (B blocks), although 
these are not biodegradable, they are readily excreted by the 
patient upon degradation of the A block. The degradation of 
the present polymers mainly takes place through the 
hydrolysis of the ester bond in the A block. The hydrolysis 
reaction is generally dependent upon pH. The rate constant 
for hydrolysis tends to be much higher at high pH (greater 
than 9.0) and low pH (less than 3.0) than at neutral pH (6.0 
to 8.0). The rate constant for hydrolysis tends to be higher 
under basic conditions than under acidic conditions. 

The polyester A blocks of the triblocks of the present 
polymers tend to be biodegradable, whereas the poly 
(oxyalkylene) B blocks of the triblocks and chain extenders 
tend not to be biodegradable. In the case of water-soluble 
chain-extenders which are preferably utilized in gels and 
viscous solutions according to the present invention, these 
chain-extenders, which generally are highly water soluble, 
tend not to be biodegradable. In addition, when using 
polymers containing A blocks derived from a-hydroxy 
acids, especially from glycolic acid and L-lactic acid, the 
polymeric A blocks will degrade to individual a-hydroxy 
acids which are biosynthetically useful and may be involved 
in the patient's "bic^hernistry". In contrast, however, 
although the poiy(oxyaikylene) polymeric B blocks are 
biocompatible, they are neither biodegradable nor bioab- 
sorbable. Thus, in using the polymers according to the 
present invention it is recognized that the poly(oxyalkylene) 
blocks will remain as polymeric units in vivo until such time 
as the blocks are excreted. Consequently, the choice of an 
upper molecular weight range of the polyoxyalkylene block 
in the polymers according to the present invention will very 
much depend on the ability of the body to excrete or 
otherwise rid the body of the material. 

The term "strength", "mechanical strength" or "sufficient 
suture-holding ability" describes favorable mechanical and/ 
or physical characteristics of the present polymers and 
reflects the fact that preferred polymers for use in the present 
invention (generally, as films) having a mechanical strength 
which is sufficient to allow a suture to be used to anchor die 
polymer to a tissue site without appreciable tearing or 
ripping of the film These preferred polymers according to 
the present invention have an Ultimate Tensile Strength 
value preferably within the range of about 5-35 MPa and 
Elongation at Break values generally within the range of 
about 400-2000%. 

The term **flexible" is used with respect to a physical 
description of the polymers of the present invention to 
reflect the fact that the present polymers are essentially 
non-rigid and non-brittle, and generally display an elasto- 
meric behavior and tend to be conformable to a tissue 
surface to be treated That is, the present polymers contain 
sufficient flexibility and are pliable enough to substantially 
conform to the contours of the tissue surfaces to be treated 
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Thus, polymeric compositions according to the present 
invention have a Young's Modulus preferably within the 
range of about 50-150 MPa. 

The term homogeneous" is used to describe preferred 

5 polymers according to the present invention. The term 
homogeneous is associated with the inclusion in the final 
polymer compositions of a population of triblocks which are 
generally of the same size and preferably have a polydis- 
persity of between about 1.0 and 2.0, more preferably about 

10 1. 1 to about 1.5 and even more preferably about 1:1 to about 
1.2. Homogeneous triblocks are associated with reproduc- 
ible mechanical and physical characteristics and favorably 
consistent biodegradability. 

The term "structure" is used to describe polymers accord- 
ing to the present invention which have form, size and 

15 dimensions which are established outside the body and will 
not significantly change upon being placed inside the body 
of the patient to be treated. The term structure embraces not 
only flat surfaced structures (i.e.. films) in the traditional 
manner, but also cylinders, tubes and other three dimen- 

20 sional structures which are not substantially changed by the 
anatomy of the patient into which the structure has been 
placed. 

The term "gels" is used to describe dispersions or sus- 
25 pensions of polymer which have been formed by dissolving, 
suspending or dispersing polymer in an aqueous solution for 
delivery to a site within the patient' s body in order to prevent 
adhesions. Gels of the present invention typically contain 
polymer in a sterile aqueous solution (such solution com- 
3o prising saline solution, sterile water or a water/ethanol 
mixture) at a viscosity ranging from about 100 to about 
50,000, preferably about 500 centipoise units up to about 
20,000 centipoise units or more. More preferably, the gels 
are delivered in sterile, isotonic saline solution at a viscosity 
35 ranging from about 2000 centipoise units up to about 20,000 
centipoise units depending upon the application. In certain 
aspects according to the present invention, tiquid pdymeric " 
compositions comprising non-water soluble polymers may 
also be used. 

^ Gels according to the present invention may be used in 
numerous applications to reduce or prevent adhesions, but 
preferably are employed to reduce or prevent adhesions 
following general surgical procedures and related surgeries 
which are minimally invasive. Gels utilize non-water 
45 soluble ABA triblocks which are chain-extended with water- 
soluble or hydrophilic chain extenders in order to render the 
overall polymeric composition water dispersible or water 
soluble. Certain phases within the gel polymer compositions 
will be advantageously non-water soluble in order to pro- 
5q mote the structural integrity and reduce the overall rate of 
biodegradability of the gel formulations in the body. 

The term "viscous solution or suspension" is used to 
describe solutions or suspensions of polymers according to 
the present invention wherein the solution has a viscosity 
55 which is greater than about 1 centipoise unit and is less than 
about 10,000 centipoise units, more preferably about 10 
centipoise units to about 2,000 centipoise units, even more 
preferably about 100 centipoise units and above within this 
range. Viscous solutions or suspensions of polymers accord- 
go ing to the present invention at viscosities approaching the 
high end of the range of viscosities may be indistinguishable 
from gels at the low end of a viscosity range. The present 
invention also contemplates liquid polymeric compositions 
having appropriate viscosity and flow characteristics and 
65 their use to reduce and/or prevent adhesions. 

In the present invention, the ABA triblock is a unit which 
is generally derived from poly(hydroxy acid) polymers in 
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the A block and Doly(oxyalkyelene) polymers in the B block. where a, b and m are positive integers. R is an ethylene 

biodegradable and ranges in size from one monomenc unit ^ ^ ^ ^ c ^ p„ ferably a Cj to Cg alkylene group, a 

up to about 200 or more monomeric units, with a preferred cydoaUcyl or cycloalkyl-containing group, an aryl or aryl- 

size ranging from about 4 to about 50 units, more preferably containing group. 4,4'-diphenylmethane, toluene, 

about 6 to about 30 units, even more preferably about 8 to naphthalene. 4,4-dicyclohexylmethane. cyclohexyL 33|- 

16 units. The A block preferably is derived from an alpha- dimethylphenyl. 3.3^dimethyl-diphenylmethane. 4.6 - 

hydroxy acid or a related ester or lactone which produces xy^en. ^-^^^^^^ 

monomer units of alpha-hydroxy acid within the polymeric 10 * ferab i y R' is a hexamethylene group (C 6 alkylene 

chain as will be described in greater detail below. More group), R is an ethylene group and R A is CH 3 . In preferred 

preferably the A block is derived from units of glycolic acid embodiments, the integers a and b are equal, 

lactic acid (preferably L, or D.L mixtures to promote Additional preferred polymers for use in the present 

bioabsorbability) or mixtures thereof, in the form of gly- invention as films include those of the following structure: 

colide or lactide reactants (dimeric a hydroxy acids as 15 o o o 

explained in greater detail hereinbelow). The B block pref- ( | |j || || . 

erably comprises poly(ethylene oxide) or polyethylene -J-(0-ch-c^(0-R^,o-(C-ch-o^c-R"-c-|- 

oxide>co-poly(propyleneoxide) block copolymers. The B R ^ Ri 

block may vary in size from about 200 Da (dalton units) up 20 

to about 200,000 Da or higher, with a preferred range of x y ^ m m positive integers. R is an ethylene 

about 1,000 Da up to about 20,000 Da. Most preferably, the ana y or propylene group with the proviso that R is not 

B block is a polyethylene oxide) ranging in size from about exclusively a propylene group when m is greater than 1, K t 

3 000 to about 10,000 Da. It is unexpectedly that the is a hydrogen or methyl group, R" is a Co to Ci 2 , preferably 

polyethylene - 

or reduction in adhesion in the present invention. c ££^ cycloaikyl or cycloalkyl- 

The ABA triblock is preferably end-capped with nucleo- containing group, an aryl or aryl-containing group or a 

philic moieties such as hydroxyl or amine groups. With the poIyoxyaScylene chain comprised of polyethylene oxide), 

preferred nucleophilic end-capping groups in place, the 30 polyethylene oxite)-co-rwly (propylene oxide) or other poly 

ABA triblock may be readily chain-extended using difunc- (ethylene oxide) rich chains. More preferably, IT is a C 2 to 

tional electrophilic compounds such as diisocyanate or C 4 alkylene group R is an ethylene group and R, is CH 3 . 

dicarboxylic acid compounds (or derivatives of dicarboxylic The integers x and y are preferably equal, 

acids such as esters or diacyl halides). More preferably, the The moiety 

triblocks are end-capped with hydroxyl groups and chain- 35 00 

extended with diisocyanate compounds in order to produce || || 

the preferred polymers according to the present invention. c R" c 

The present invention therefore relates to a method of ^ ^ ^ ^ 

substantially reducing or preventing tissue adhesions hi 40 ^ e d(ric ^ ^ acid an d tartaric , 

patients comprising exposing damaged tissue in a patient to ^ num erous others such as oxalic acid, malonic 

a polymeric composition in a structure such as a film, gel, succinic acid, 23-dimethylsuccinic acid, glutaric add. 

dispersion, liquid polymer, spray or viscous solution form 33-dimethylglutaric acid, 3,3-dimethyiglutaric acid, 

comprising a substantially non-cross linked, chain-extended ^ 3-methyladipic acid, adipic acid, pimelic acid, suberic acid, 

multiblock polymer which preferably is substantially non- azelaic acid, sebacic acid, 1,9-nonanedicarboxylic acid, 

water soluble, chain-extended, substantially non- 1,10-decanedicarboxylic acid, 1,11-undecanedicarboxylic 

crosslinked integral and biodegradable. Structures such as acid, 1,12-dodecanedicarboxyUc acid, maleic acid, fumaric 

films which incorporate the polymers according to the acid, diglycolic acid, hydromuconic acid, among others. 

flexibility, mechamcal strength and suture-holding ateh* S^ntroUed conditions so that crosslinking is substan- 

Preferably. the molecular weight of triblocks and polymers prevented. In the case of using dicarboxylic acids 

used in the present invention are relatively homogeneous containing additional carboxylic acid groups and/or other 

which provides for advantageous characteristics in films and g^ps sucn as hydroxyl groups, as in the case of citric 

related structures, gels, dispersions, sprays, liquid polymers acid or j^jjc „^ among others, these will tend to enhance 

and solutions/emulsions. the water solubility of the final polymeric compositions. 

Preferred polymers used in the present invention as films Other embodiments according totte present invention 

are pSS-Kxy-carboxylic acid)/poly(oxyalkylene) relate to polymeric compositions which have the following 

polymers of the chemical structure: general structure: 

o 0 o 0 

II II « " 

|-(O-CH-C) 6 -{0-RV.-0-(C-CH-O-) < ,-C-N-R--N-C- 

r, R, H H 
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where j. k and m are positive integers. R is an ethylene 
and/or propylene group with the proviso that R is not 
exclusively a propylene group when m is greater than 1, R* 
is a C 2 to C 12 , preferably a C ? to C 8 alkylene group, a 
cycloaUkyl or cycloalkyl-containing group, an aryl or aryl- 
containing group, 4,4 , -diphenylmethane, toluene, 
naphthalene, ^'-dicyclohexylmethane, cyclohexyl, 33'- 15 
dimethylphenyl, 3,3'-dimethyl-diphenylmethane. 4,6'- 
xylylene, 3 ,5 ,5-trimethylcyclohexyl, 2,2.4- 
trimethylhexamethylene or p-phenylene, R ,M is a 
polyoxyalkylene chain comprised of poly(ethylene oxide). 
poly(ethylene oxide)-co-poly(propylene oxide) or other poly 20 
(ethylene oxide) rich chains and R t is H or CH 3 . More 
preferably, R' is a hexaraethylene group (C 6 alkylene group). 
R is an ethylene group, R ,M is poly(ethylene oxide) and R L 
is CH 3 , The integers j and k are preferably equal. 

Thus, in various non-preformed materials such as in 2 s 
viscous solutions, suspensions and gels, the polymers pref- 
erably comprise substantially non-water soluble ABA tri- 
blocks as disclosed hereinabove, the chain extension of 
which is accomplished by using a highly water soluble/water 
dispersible chain extender. Although the B block of the ABA ^ 
triblock is hydrophilic and will have a high degree of 
compatability with water, thus allowing certain of the poly- 
meric films according to the present invention to absorb 
large quantities of water, it is the hydrophilic chain extender 
used in various non-preformed polymers such as viscous 
solutions and gels, which allows delivery of these polymer 35 
compositions in aqueous solutions. 

In the present application, the following chain extenders 
find use in preparing non-preformed polymers such as gels 
and viscous solutions having desirable characteristics for 
reducing or preventing post-operative adhesion. It is noted 40 
that in choosing ABA tribiocks for formulating viscous 
solutions and gels according to the present invention, care 
must be given to providing a good balance of strength/ 
structural integrity and biodegradability from the A block, 
hydrophihrity/anti-adhesion activity from the B block and 45 
further hydrophilicdty in the form of water solubility/water 
dispersibility from the chain extender. Thus, non-water 
soluble tribiocks such as are utilized in film applications 
according to the present invention are also advantageously 
employed in viscous solution/gel applications. so 

The above chemical formulas provide insight into the 
chain-extended polymers which are used in the present 
invention. In the case of polymers which are preferably used 
in non-preformed polymers such as gels and/or viscous 
solutions according to the present invention, the ultimate 55 
polymeric composition is water soluble/dispersible (as 
opposed to substantially non-water soluble in the case of 
polymer structures such as films according to the present 
invention) and the polymers are chain-extended utilizing 
hydrophilic chain extenders, for example, diisocyanate ter- 60 
minated polyalkylene glycol chains comprising a central 
poiyalkylene glycol chain such as poly(ethylene oxide), 
capped by two diisocyanate compounds, among numerous 
others. Examples include the use of poly(ethylene glycol) 
chains with a molecular range between 200 and 20,000. 65 
hexamethylene diisocyanate being the diisocyanate. By 
employing non-water soluble ABA tribiocks and water 



soluble/dispersible chain extenders, polymer compositions, 
which are used in viscous solution and gel applications 
provide favorable strength and structural integrity, biode- 
gradability (the rate of which may be influenced by the 
length and hydrophobicity of the A block and die overall 
hydrophilicity of the polymer), flexibility and anti-adhesion 
activity from the PEG segments in the polymer and water 
solubility/dispersibility from the selective chain extenders 
which are used. 

In addition to being useful for substantially reducing or 
preventing adhesions, the present polymers may also be 
used to deliver bioactive compositions to a site of activity 
within the patient's body. This aspect of the present inven- 
tion is secondary to the anti-adhesion characteristics of the 
inventive polymers. It is particularly advantageous that the 
present polymers may be used to deliver bioactive agents 
which may serve to enhance the healing of the wounds 
created by a surgical procedure, a disease state or other 
condition associated with the tissue to be treated. 

Exemplary bioactive agents which may be delivered 
pursuant to the methods according to the present invention 
include, for example* anticoagulants, for example heparin 
and chondroitin sulphate, fibrinolytics such as tPA. plasrain, 
streptokinase, urokinase and elastase, steroidal and non- 
steroidal anti-inflammatory agents such as hydrocortisone, 
dexamethasone, prednisolone, methylprednisolone, 
promethazine, aspirin, ibuprofen, indomethacin, ketoralac, 
meclofenamate, tolmetin. calcium channel blockers such as 
diltiazem. nifedipine, verapamil, antioxidants such as ascor- 
bic acid, carotenes and alpha-tocopherol, allopurinol. 
trimetazidine, antibiotics, especially noxythiolin and other 
antibiotics to prevent infection, prokinetic agents to promote 
bowel motility, agents to prevent collagen crosslinking such 
as cis-hydroxyproline and D-penicillamine, and agents 
which prevent mast cell degranulation such as disodium 
chrornolglycate, among numerous others. 

In addition to the above agents, which generally exhibit 
favorable pharmacological activity related to promoting 
wound healing, reducing infection or otherwise reducing the 
likelihood that an adhesion will occur, other bioactive agents 
may be delivered by the polymers of the present invention 
include, for example, amino acids, peptides, proteins, 
including enzymes, carbohydrates, antibiotics (treat a spe- 
cific microbial infection), anti-cancer agents, 
neurotransmitters, hormones, immunological agents includ- 
ing antibodies, nucleic acids including antisense agents, 
fertility drugs, psychoactive drugs and local anesthetics, 
among numerous additional agents. 

The delivery of these agents will depend upon the phar- 
macological activity of the agent, the site of activity within 
the body and the physicochemical characteristics of the 
agent to be delivered, the therapeutic index of the agent, 
among other factors. One of ordinary skill in the art will be 
able to readily adjust the physicochemical characteristics of 
the present polymers and the hydrophobicity/hydrophiUrity 
of the agent to be delivered in order to produce the intended 
effect In this aspect of the invention, bioactive agents are 
administered in concentrations or amounts which are effec- 
tive to produce an intended result It is noted that the 
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chemistry of polymeric composition according to the present 
invention can be modified to accommodate a broad range of 
hydrophiiic and hydrophobic bioactive agents and their 
delivery to sites in the patient. 

Synthesis of Polymers According to the Present Invention 
In general, the synthesis of the present polymers proceeds 
by first synthesizing an ABA triblock. In this general 
reaction, a pre-prepared poly(oxyalkylene) B block (which 
can be purchased or synthesized from an initiating did and 
an excess of an appropriate epoxide depending upon the 
length of the block desired) is reacted with a hydroxyacid or 
its cyclic dimer to produce the low molecular weight ABA 
triblock. Essentially, the poly(oxyalkylene) block which is 
generally endcapped with hydroxyl groups reacts with the 
hydroxyacid or its cyclic dimer to produce ABA triblock 
which is end-capped with hydroxyl groups. 

Once the ABA triblock is formed, the hydroxyl groups at 
each end are reacted with difunctional chain extenders, for 
example, diisocyanates. This reaction produces a chain 
extended polymer which is readily used to prepare films and 
various related structures, gels, dispersions, suspensions, 
and viscous solutions of the present invention. In the case of 
liquid polymers, these are of sufficiently low molecular 
weight so that they are in liquid form without the need to add 
additional solvent. 

Generally, during the first stage of the reaction in which 
the low molecular weight ABA triblock is formed, the 
overall molecular weight and the length of the different 
segments will be determined by the molecular weight of the 
poly(oxyalkylene) block chosen to initiate the reaction, by 
the number of moles of hydroxyacid or its cyclic dimer, 
which is reacted with the poly(oxyalkylene) block and the 
catalyst and various experimental parameters such as the 
heat and the reaction time. Thereafter, the ABA triblock is 
chain-extended to produce polymers containing ABA tri- 
blocks. 

A preferred synthesis of the present polymers involves the 
use of the cyclic ester or lactone of lactic acid and glycolic 
acid. The use of lactide or glycolide as the reactant will 
enhance the production of which will produce the ABA 
triblocks. 

In this preferred method, lactide or glycolide (the cyclic 
dimer of lactic acid or glycolic acid, respectively), rather 
than lactic acid or glycolic acid, is first used to synthesize the 
ABA triblock from the starting poly(oxyalkylene) block- 
Once the ABA triblock is obtained, the hydroxyl end-capped 
ABA triblock is reacted with a diisocyanate, preferably 
hexamethylene diisocyanate. 

The synthesis of the ABA triblock proceeds by way of a 
ring-opening mechanism, whereby the ring opening of the 
lactide or glycolide is initiated by the hydroxyl end groups 
of the PEG chain under the influence of a tin catalyst 
(stannous octoate). An ABA type triblock is generated at this 
point, the molecular weight of which is a function of both the 
molecular weight of the central PEG chain and the length of 
the PLA lateral blocks. Typically, the molecular weight of 
the triblock spans between about 4,000 to about 30,000 (but 
may be as low as 1.000 or less and as high as 250,000 or 
more). After synthesis of the ABA triblock, the final polymer 
is obtained by chain extending the hydroxyl terminated 
triblocks with difunctional reactants such as isocyanates, 
most preferably hexamethylene diisocyanate. 

The chemical and physical properties of the different 
polymers will vary as a function of different parameters, the 
molecular weight of the PEG and PLA segments along the 
backbone being of particular importance. 

The preferred method has several advantageous charac- 
teristics including: 
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1. a rapid, nearly quantitative reaction which is complete 
in from 1 to 3 hours; 

2. the reaction takes place under moderate reaction con- 
ditions (140° C.) thus nunimizing side reactions; 

3. the resulting triblock contains an extremely narrow 
polydispersity (P=1.3-1.4 or better; and 

4. the triblock contains little or no homopolymer. 
Preparation of Adhesion Barrier Structures 

Barrier structures (which term includes films as well as 
cylinders and related three-dimensional structures) for use in 
the present invention are prepared by first producing the. _ 
polymer according to the present invention and then dis- 
solving the polymer in a solvent, such as chloroform, 
methylene chloride or a related organic solvent. Films, for 
example, are preferably prepared by placing the solution 
containing polymer in a mold or a related receptacle and 
then allowing the solvent to evaporate. The resulting film is 
homogeneous and of uniform thickness and density. The 
film may be used as prepared or cut into segments for 
application to a desired site in a patient In addition to the 
above-described solvent cast method, a continuous solvent 
east process, a thermal cast method or related methods well 
known in the art may be used to make films and other 
structures according to the present invention. 

In order to prepare other three dimensional structures of 
polymer, such as cylinders and related shapes, these may be 
cast or molded using various techniques, starting with solid 
polymer. Methods to produce these structures using these 
techniques are well known in the art 
Preparation of Gels, Viscous Solutions and Dispersions 

In order to prepare the gels, viscous solutions and disper- 
sions according to the present invention, polymer in powder, 
flakes or other related form is dissolved or suspended in an 
aqueous solution, preferably sterile isotonic saline solution, 
generally at room temperature and then mixed in the solu- 
tion to produce the final gel, viscous solution or dispersion. 
Viscosity of the system is readily adjusted by adding further 
polymer or aqueous solution. The gels, viscous solutions and„_ 
dispersions are utilized under sterile conditions. 

While not being limited by way of theory, it is believed 
that the chain extended polymers of the present invention 
form integral layers in films, gels or viscous solutions when 
applied to tissue for surgical applications. The resulting 
integral polymers provide an excellent barrier which sub- 
stantially reduces the formation of post-operative adhesions. 

Having generally described the invention, reference is 
now made to the following examples intended to illustrate 
preferred embodiments and comparisons but which are not 
to be construed as limiting to the scope of this invention as 
more broadly set forth above and in the appended claims. 

EXAMPLES 

Example 1 

Effect of Polymer Films on Adhesion 

The purpose of this experiment was to test the efficacy of 
EO/LA films (ratios 2.5. 3.3. and 4.0) on the formation of 
adhesions in a rabbit model of adhesion formation between 
the sidewall and the bowel. 
Materials and methods 
Animals 

Twenty female New Zealand rabbits. 2.4-2.7 kg, were 
purchased and quarantined for at least 2 days prior to use. 
The rabbits were housed oh a 12:12 light: dark cycle with 
food and water available as libitum. 
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Synthesis of Materials 

The synthesis of the polymers can be summarized as 
follows: 

1. ABA triblock was synthesized as follows: 
Polyethylene glycol (MW=6\000) was dried in vacuo 5 

overnight at 80° C. Thereafter, the PEG was cooled down to 
room temperature, the vacuum was broken by flushing dry 
N 2 through the system and lactide is thereafter added in an 
appropriate amount (depending upon the length of the A 
block desired). The mixture of PEG and lactide is placed in 10 
an oil bath at 140° C and after 2-3 minutes (which is 
generally required to homogenize the system), stannous 
octoate is added (the catalyst/lactide mole ratio is 1/400). 
The mixture is then flushed with N 2 for a period of about 5 
minutes, whereupon the N 2 is removed and the flask con- 15 
taining PEG and lactide is then capped and stirred at 140° C. 
in an oil bath for 2 hours. At the end of a 2 hour period, the 
mixture is removed from the oil bath, allowed to cool, 
dissolved in chloroform and precipitated in ether. The pre- 
cipitate is thereafter collected and dried overnight in vacuo 20 
at 50° C. It is then solubilized in chloroform and the 
chloroform is evaporated to form a film of approximately 10 
mil thickness. 

2. The Polymer was synthesized as follows: 

The synthesis of the polymers is completed by chain 25 
extending the ABA triblocks by reacting their hydroxyl- 
teiminated groups with diisocyanates, typically hexameth- 
ylene diisocyanate (HDI). The triblock obtained above is 
dried at 80° C in vacuo for a period of two hours. After the 
two hour period, vacuum is broken by flushing N 2 through 30 
the system and a minimal amount of dry dioxane to dissolve 
the triblock is added. The required amount of catalyst is 
dissolved in dioxane (about 5 ml) and added to the triblock. 
15 ml of dry dioxane is introduced into a separatory funnel 
and the required amount of HDI is added (the HDLcatalyst 35 
molar ratio is 5:1. and the HDI is in a 7% molar excess 
respective to the triblock- the typical Triblock:HDI:Catalyst 
molar ratios are, therefore, 1.0:1.07:0.2, respectively). Once 
the triblock is fully dissolved, the HDI solution is added 
dropwise (over a period of 30 minutes) to the triblock ao 
solution. A condensor is then connected to the reaction flask 
to prevent dioxane loss and the reaction is continued for a 
period of 2.5 hours. After 2.5 hours, the reaction is removed 
from the oil bath, allowed to cool and the polymer solution 
is precipitated with ether. The precipitated polymer is then 45 
collected and dried overnight at 50° C. The material is then 
solubilized in chloroform and the chloroform is evaporated 
(room temperature overnight followed by 5 hours under 
vacuum at 40° C.) to form a film of approximately 10 mil 
thickness. 50 

The final polymers used in this experiment had EO/LA 
ratios of 2.5, 3.3 and 4.0. 
Materials 

The above-obtained films were used in the following 
experiments. The sutures used were as follows: 6-0 Prolene 55 
(Ethicon. Raritan, N.J.) was used to tack the film in place 
and 3-0 coated Dexon II suture (Davis and Geek, Manati, 
PR) was used to close the peritoneum and skin. 
Sidewall Model 

Rabbits were anesthetized with a mixture of 55 mg/kg 60 
ketamine hydrochloride and 5 mg/kg Rompun intramuscu- 
larly. Following preparation for sterile surgery, a midline 
laparotomy was performed. The cecum and bowel were 
exteriorized and digital pressure was exerted to create sub- 
serosal hemorrhages over all surfaces. The damaged intes- 65 
tine was then lightly abraded with 4 "4x4 ply sterile gauze 
until punctate bleeding was observed. The cecum and bowel 
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was then returned to its normal anatomic position. A 3x3 
cm 2 area of peritoneum and transversus abdominous muscle 
was removed on the right lateral abdominal walL The 
prepared film (see below) was sutured in place using 6-0 
prolene at 6 sites (at each corner and in the center of the side 
of the film on two sides). After 31-32 days, the rabbits were 
terminated and the percentage of the area of the sidewall 
injury that was involved in adhesions was determined. In 
addition, the tenacity of die adhesions was scored using the 
following system: 
0=No adhesions 

l=mild, easily dissectable adhesions 
2=moderate adhesions, non-dissectable. does not tear the 
organ 

3=dense adhesions, non-dissectable, tears organ when 
removed 

A reduction in either the area or the tenacity of the adhesions 
was considered to be beneficial. 
Preparation of Film 

The films were stored at room temperature in a desiccator 
until the day of surgery. On the day of surgery, the film was 
cut to 3 cmx3 cm in sterile conditions. Ten to 12 rriinutes 
prior to placement, the film was placed in sterile, double 
distilled water to allow hydration. During hydration, the 
films went from opaque to clear and increased in size 
proportionate to the EO/LA ratio (the higher the ratio the 
more the increase). Thereafter, the film was rinsed with 
phosphate buffered saline (pH 7.4) to restore isotonicity to 
the surface. Just prior to placement, the film was blotted on 
sterile gauze to remove excess moisture. 
RESULTS 

During the early postoperative interval, two rabbits died 
Coincidentally, both received the film of the 3.3 ratio. 
Postmortem necropsy revealed nothing unusual and the 
deaths were attributed to the surgical procedure. No inflam- 
mation was noted intraperitoneally. 

One rabbit from the group that received the film with the 
ratio 2.5 was sacrificed 13 days later. Some material was 
present at the site (identity unknown). One rabbit from the 
group that received the film with the ratio 4.0 died 24 days 
after surgery. No reason for the mortality was noted upon 
necropsy. 

One month after surgery, the remaining rabbits were 
sacrificed and the degree of adhesion formation determined 
(Table 1). At surgery, 5 rabbits were controls. However, at 
necropsy, 6 rabbits had been given control numbers with two 
rabbits given the same number (1-2 on the surgery day)."One 
number from the group that had film with the ratio 4.0 was 
missing (2-1 from surgery day). Of the rabbits that were 
confirmed as controls (4 of the 6), 3 had adhesions (one with 
80% and 2 with 100% of the area of the sidewall injury with 
adhesions). In all of these rabbits, the tenacity of the 
adhesions was 3+. All of the rabbits with films placed at 
surgery had no adhesions at necropsy. Of the two rabbits 
with the same number, one had 100*& of the sidewall injury 
area covered with 3+adhesions and the other had no adhe- 
sions at the site of injury. 
DISCUSSION 

The films made from various ratios of EO/LA were highly 
efficacious at the reduction of adhesion formation. In the 
control rabbits which had surgery and the sutures placed in 
the same pattern as that in the treated rabbits, the majority 
(60%, 75% or 80% depending upon the inclusion of the 
mismarked rabbit) of the rabbits had the formation of severe, 
cohesive adhesions at the site of sidewall injury. In the 
rabbits that were confirmed to have been given the film, all 
rabbits had no adhesions at the site of adhesion formation. 
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At two weeks and later, the site of injury appeared fully 
healed. 

TABLE 1 



Area of Adhesion Formation at Site of Sidcwall Injury 
% Area Involved 



Treatment 



1-25 



26-50 



51-75 76-100 



Surgical Control 


20* 


0 


0 


0 75 


n = 4 










EO/LA Ratio 2.3 


100 


0 


0 


0 0 


n = 4 










EO/LA Ratio 3.3 


100 


0 


0 


0 0 


n = 3 










EO/LA Ratio 4.0 


100 


0 


0 


0 0 


n- 3 
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10 



15 



*l ol |t of 5 «n*mals had do adhesions. 

It is to be understood that the examples and embodiments 
described hereinabove are for the purposes of providing a 20 
description of the present invention by way of example and 
are not to be viewed as limiting the present invention in any 



7. The method according to claim 6 wherein said A block 
comprises carboxylic acid units derived from L-iacude or 
D Wactide and said B block is comprised of polyethylene 
oxide). 

8. The method according to claim 7 wherein said A block 
is approximately 6 to 30 carboxylic add units in length and 
said B block is comprised of poly(ethyiene oxide) having a 
molecular weight of between 1,500 and 10.000 Da. 

9. The method according to claim 1 wherein said com- 
position is in the form of a preformed structure which is 
selected from the group consisting of film, rod, tube, bead, 
a foam, ring, a dispersion, suspension, gel liquid, spray and 
viscous solution. 

10. The method according to claim 1 wherein said com- 
position further includes a bioactive agent. 

11. A method for reducing or preventing adhesions in a 
patient comprising exposing tissue which has been subjected 
to tissue damage and is at risk for the formation of adhesions 
to a polymeric composition comprising polymers of the 
chemical structure: 



^(O-CH-C^-CO-RV-O-CC-CH-O-^-C-N-R'-N-C-l- 



Ri 



way. Various modifications or changes that may be made to 
that described hereinabove by those of ordinary skill in the 
art are also contemplated by the present invention and are to 
be included within the spirit and purview of this application 
and the following claims. 35 
We claim* 

1. A method for reducing or preventing adhesions in a 
patient comprising exposing tissue which has been subjected 
to tissue damage and is at risk for the formation of adhesions 
to a polymeric composition comprising polymers which are 
chain-extended, substantially non-water soluble poly 40 
(hydroxy-carboxylic acid)/poly(oxyalkylene) ABA 
triblocks, where A is an aliphatic polyester and B is a 
polyoxyalkylene polymer unit, said polymeric composition 
comprising no more than about 1.0% by weight crosslinking 
and having an EO/LA ratio ranging from about 0.5 to 5.0. 45 

2. The method according to claim 1 wherein said poly- 
ester comprises poly(aliphatic a-hydroxy carboxylic acid). 

3. The method according to claim 2 wherein said poly- 
ester is obtained from polymerization of an aliphatic 
hydroxycarboxylic acid or ester selected from the group ^ 
consisting of L-lactic acid. DX-lactic acid, glycolic add, 
L-lactide, D, L-lactide, glycolide and mixtures thereof. 

4. The method according to claim 1 wherdn said poly 
(oxyalkylene) polymer is comprised of a polyethylene 
oxide) homopolymer or polyethylene oxide)-co-poly ^ 
(propylene oxide) block copolymer. 

5. The method according to daim 1 wherein said poly- 
ester comprises units of an aliphatic hydroxycarboxylic acid 
or the corresponding cyclic dimeric ester selected from the 
group consisting of L-lactic acid. Di-lactic add, glycolic 
acid, L^lactide, DJL-lactide, glycolide and mixtures and said 60 
poly(oxyalkylene)polymer is comprised of a polyethylene 
oxide) homopolymer or polyethylene oxide)-co-poly 
(propylene oxide) block copolymer. 

6. The method according to claim 5 wherein said A block 

is between about 4 and 50 carboxylic acid units in length and 65 
said B block varies in molecular weight from about 200 Da 
to about 200,000 Da. 



rcu a and b are positive integers, 

R is an ethylene group and/or propylene group with the 
proviso that R is not exclusively a propylene group 
when m is more than 1. R v is a C 2 to C 8 alkylene group, 
a cydoalkyl or cycloalkyl-containing group, an aryi or 
aryl-containing group, 4,4 , -diphenylrnethane, toluene, 
naphthalene, 4.4'-dicyclohexylmethane, cyclohexyl. 
3,3 , -dimethylphenyl, 33'-dimethyl-diphenylmethane, 
4,6 , -xylylene, 3,5,5-trimethylcyclohexyl, 2.2,4- 
trimethylhexamethylene or p-phenylene andR! is H or 
CH 3 , said polymeric composition comprising no more 
than about 1.0% by weight crosslinking and having an 
EO/LA ratio ranging from about 0.5 to 5.0. 

12. The method according to claim 11 wherein R L is CH 3 . 

13. The method according to daim 11 wherein m is 4 to 
about 5,000, R t is CH 3 and R is an ethylene group. 

14. The method according to daim 11 wherein m is about 
30 to about 230, R x is CH 3 and R is an ethylene group. 

15. The method according to daim 11 wherein R' is a C 6 
alkylene group. 

16. The method according to claim 11 wherein said 
composition is in the form of a preformed structure which a 
film, rod, tube, bead, foam, ring, viscous liquid, dispersion, 
suspension, viscous solution, spray and geL 

17. The method according to daim 11 wherdn a and b are 
the same integer. 

IS. The method according to claim 11 wherdn said 
polymeric composition includes a bioactive agent 

19. A method for reducing or preventing adhesions in a 
patient comprising exposing tissue which has been subjected 
to tissue damage and is at risk for the formation of adhesions 
to a polymeric composition rornprising polymers of the 
chemical structure: 
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28. The method according to claim 26 wherein m is 4 to 
o o o o about 5,000, R x is CH 3 and R is an ethylene group. 



+ » ^* _v_/** ■> •» 11 I 29. The method according to claim 26 wherein m is about 

h-c^(o-r-^o-(c-c h-o- ^c-R -c -j- 3Q tQ m R ^ h CH ^ R is an ethylene group. 

Rl r, 5 30. The method according to claim 26 wherein R' is a C 6 

alkyiene group. 

. 31. The method according to claim 26 wherein said 

where m, x and y are positive integers, composition is in the form of ^preformed structure which is 

R is an ethylene and/or propylene group with the proviso selected from the group consisting of a film, rod, tube, bead, 

that R is not exclusively a propylene group when m is foam ring, a viscous liquid, dispersion, suspension, viscous 

greater than l.Ri is a hydrogen or methyl group, R" is 1 solution, spray and gel. 

a Cq to C 12 alkyiene group or a hydroxyl or carboxylic 32. The method according to claim 26 wherein j and k are 

acid substituted alkyl group, a cycloalkyl, a hydroxyl- the same integer. 

containing cyclo alkyl. or cycioalkyl-containing group, 33. The method according to claim 26 wherein said 

an aryl or aryl-containing group, or a polyoxyalkylene polymeric composition includes a bioactive agent 

chain comprised of poly(ethylene oxide) or poly 15 34. The method according to claim 26 where R* H has a 

(ethylene oxide)-co-poly(propylene oxide), said poly- molecular weight ranging from about 200 Da to about 

raeric composition comprising no more than about ^l^LP 3 * . . , . ^ ^ . n , . 

1.0% by weight crosslinking and having an EO/LA 35- The method according to claim 26 wherein R is a C 2 

ratio ranging from about 0.5 to 5.0. to £ ^lene group 

20 The memod according to claim 19 wherein R, is CH 3 . 20 36 A method for redu . cm 8 or f^ eslon ? m a 

7; V 1 ' j T \ TT . . 1 . A / patient comprising exposing tissue which has been subjected 

w 21 ' V%Ft°? a ^ r ^ 8 ^° .I, m 15 4 " to tlwiie^cidSat rilkfor the formation of adhesions 

about 5,000, Ri is CH 3 and R is an ethylene group. tQ a lymeric composition comprising polymers which are 

22. The method accordmg to claim 19 wherein m is about chain . extende d, substantially non-water soluble poly 
30 to about 230, R A is CH 3 and R is an ethylene group. (hydroxy-carboxylic acid)/polyethylene oxide ABA 

23. The method according to claim 21 wherein R" is a C 6 triblocks, where said A block comprises an aliphatic poly- 
alkylene group. ester and said B block comprises poly(ethyleneoxide) or 

24. The method according to claim 19 wherein said poiy(ethyleneoxide)-co-poly(propylene oxide), said poly- 
composition is in the form of a preformed structure which is raeric composition comprising no more than about 1.0% by 
selected from the group consisting of a film* rod, tube, bead, weight crosslinking and having an EO/LA ratio ranging 
foam. ring, a viscous liquid, gel, dispersion, suspension. 30 from about 0.5 to 5.0. 

spray and viscous solution. 37. The method according to claim 36 wherein said 

25. The method according to claim 19 wherein said poly (hydroxy- carboxylic acid) is derived from lactic acid, 
composition includes a bioactive agent glycolic acid, lactide, glycolide or mixtures, thereof. 

26. A method for reducing or preventing adhesions in a 38. The method according to claim 37 wherein said 
patient comprising exposing tissue which has been subjected 35 polymeric composition comprises no more than about 
to tissue damage and is at risk for the formation of adhesions 0.05% crosslinking. 

to a polymeric composition comprising polymers of the 39. The method according to claim 37 wherein said 



chemical structure: poly (hydroxy- carboxylic acid) is derived from lactide. 

o o o o o o 

, II II It II tl II . 

— j— (O— CH— Cfc-(0— R)b-0-(C— CH-0-)*-C-N-R'-N-C-R-'-C--N--R'-N-C -j— 



Rl H H H H 



where j, k and m are positive integers, 

R is an ethylene or propylene group with the proviso that 
R is not exclusively a propylene group when m is 
greater than 1. R' is a C 2 to C 12 alkyiene group, a 50 
cydoalkyl or cycioalkyl-containing group, an aryl or 
aryl-containing group, 4,4'-diphenylmethane, toluene, 
naphthalene, 4,4'-dicyclohexylmethane, cyclohexyl, 
3,3'-dimethylphenyi. 33 , -diraethyl-dq)henylmethane, 55 
4,6'-xylylene, 3,5,5-trimethylcyclohexyU 2,2,4- 
trimethylhexamethylene or p-phenylene, R'" is a poly- 
oxyalkylene chain comprising polyethylene oxide) or 
poly(ethylene oxide)-co-poly(propylene oxide) and R : 
is Hot CH 3 , said polymeric composition comprising no 60 
more than about 1.0% by weight crosslinking and 
having an EO/LA ratio ranging from about 0.5 to 5.0. 

27. The method according to claim 26 wherein Rj is CH 3 . 



40. Hie method according to claim 37, wherein said 
EO/LA ratio ranges from about 2.0 to 5.0. 

41. The method according to claim 39 wherein said 
EO/LA ratio ranges from about 2.5 to 40. 

42. The method according to claim 1 wherein said poly- 
meric composition comprises no more than about 0.05% 
crosslinking. 

43. The method according to claim 11 wherein said 
polymeric composition comprises no more than about 
0.05% crosslinking. 

44. The method according to claim 19 wherein said 
polymeric composition comprises no more than about 
0.05% acKslinking. 

45. The method according to claim 26 wherein said 
polymeric composition comprises no more -than about - 
0.05% crosslinking. 

* * * * * 
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MAR - 6 2009 



Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 



SyntheMed, Inc. 

c/o Jules Mitchel, Ph.D. 

Target Health Inc. 

261 Madison Avenue 24 th Floor 

New York, NY 10016 



Re: P070005 

REPEL-CV® Bioresorbable Adhesion Barrier 
Filed: January 30, 2007 

Amended: February 7 and 26, March 6, 16, 27, and 29, April 3 and 24, May 9, 14, and 
29, October 3 and 23, 2007 and April 8, 2008 
Procode: OBD 

Dear Dr. Mitchel: 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) for the REPEL- 
CV® Bioresorbable Adhesion Barrier. This device is indicated for reducing the severity of post- 
operative cardiac adhesions in pediatric patients who are likely to require reoperation via 
sternotomy. We are pleased to inform you that the PMA is approved. You may begin 
commercial distribution of the device in accordance with the conditions described below and in 
the "Conditions of Approval" (enclosed). 

The sale, distribution, and use of this device are restricted to prescription use in accordance with 
21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic 
Act (the act) under the authority of section 5 1 5(d)(l)(B)(ii) of the act. FDA has also determined 
that, to ensure the safe and effective use of the device, the device is further restricted within the 
meaning of section 520(e) under the authority of section 515(d)(l)(B)(ii) insofar as the sale, 
distribution, and use must not violate sections 502(q) and (r) of the act. 

In addition to the periodic report (often referred to as annual report) requirements outlined in the 
enclosure, you have agreed to conduct a multi-center, comparative, randomized study of pediatric 
patients (<21 years) undergoing cardiac procedures via sternotomy and to include the data 
obtained from the study in a separate post-approval study report. This study is to evaluate the 
rate of rare safety events observed during the premarket study in a more generalized population. 
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This evaluation is accomplished using a non-inferiority design. The goal of the study is to 
evaluate whether REPEL-CV is inferior to the controls in the incidence of a composite safety end 
point that includes mediastinitis, exploratory surgery for re-bleeding, and cardiac tamponade. The 
study will include 320 patients in the REPEL-CV group and 320 patients in the control group. An 
interim analysis will be conducted when 200 patients in the REPEL-CV group and 200 patients 
in the control group complete the safety evaluation. The final analysis will be completed once all 
patients complete six months of follow-up. Patients in the study will be followed while 
hospitalized (Stage 1), 3-4 weeks post-operation (Stage 2), 8-10 weeks post operation (Stage 3), 
and 6 months post operation (Stage 4) to monitor the development of adverse events. Upon 
completion of this study, the results should be reflected in the labeling. Please submit a PMA 
supplement to update the labeling when the post-approval study is complete. 

Expiration dating for this device has been established and approved at 18 months at a storage 
condition of 2-8 degrees Centigrade. 

CDRH does not evaluate information related to contract liability warranties, however you should 
be aware that any such warranty statements must be truthful, accurate, and not misleading, and 
must be consistent with applicable Federal and State laws. 

CDRH will notify the public of its decision to approve your PMA by making available a 
summary of the safety and effectiveness data upon which the approval is based. The information 
can be found on the FDA CDRH Internet HomePage located at 

http://www.fda.gov/cdrh/pmaDage.html . Written requests for this information can also be made 
to the Dockets Management Branch, (HFA-305), Food and Drug Administration, 5630 Fishers 
Lane, Rm. 1061, Rockville, MD 20852. The written request should include the PMA number or 
docket number. Within 30 days from the date that this information is placed on the Internet, any 
interested person may seek review of this decision by requesting an opportunity for 
administrative review, either through a hearing or review by an independent advisory committee, 
under section 5 1 5(g) of the Federal Food, Drug, and Cosmetic Act (the act). 

Failure to comply with any postapproval requirement constitutes a ground for withdrawal of 
approval of a PMA. Commercial distribution of a device that is not in compliance with these 
conditions is a violation of the act. 

You are reminded that, as soon as possible and before commercial distribution of your device, 
you must submit an amendment to this PMA submission with copies of all approved labeling in 
final printed form. The labeling will not routinely be reviewed by FDA staff when PMA 
applicants include with their submission of the final printed labeling a cover letter stating that the 
final printed labeling is identical to the labeling approved in draft form. If the final printed 
labeling is not identical, any changes from the final draft labeling should be highlighted and 
explained in the amendment. 

All required documents should be submitted in triplicate, unless otherwise specified, to the 
address below and should reference the above PMA number to facilitate processing. 
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PMA Document Mail Center (HFZ-401) 
Center for Devices and Radiological Health 
Food and Drug Administration 
9200 Corporate Blvd. 
Rockville, Maryland 20850 



If you have any questions concerning this approval order, please contact Sonna Patel-Raman, 
Ph.D.at(240) 276-4196. 



Sincerely yours, 



Donna-Bea Tillman, Ph.D. 
Office Director 
Office of Device Evaluation 
Center for Devices and 
Radiological Health 




Enclosure 



Last Modified: 10-18-06 



CONDITIONS OF APPROVAL 

PREMARKET APPROVAL APPLICATION (PMA) SUPPLEMENT . Before making any 
change affecting the safety or effectiveness of the device, submit a PMA supplement for review 
and approval by FDA unless the change is of a type for which a "Special PMA 
Supplement-Changes Being Effected" is permitted under 21 CFR 814.39(d) or an alternate 
submission is permitted in accordance with 21 CFR 814.39(e) or (f). A PMA supplement or 
alternate submission shall comply with applicable requirements under 21 CFR 814.39 of the final 
rule for Premarket Approval of Medical Devices. 

All situations that require a PMA supplement cannot be briefly summarized; therefore, please 
consult the PMA regulation for further guidance: The guidance provided below is only for 
several key instances. 

A PMA supplement must be submitted when unanticipated adverse effects, increases in the 
incidence of anticipated adverse effects, or device failures necessitate a labeling, manufacturing, 
or device modification. 

A PMA supplement must be submitted if the device is to be modified and the modified device 
should be subjected to animal or laboratory or clinical testing designed to determine if the 
modified device remains safe and effective. 

A " Special PMA Supplement - Changes Being Effected" is limited to the labeling, quality control 
and manufacturing process changes specified under 21 CFR 814.39(d)(2). It allows for the 
addition of, but not the replacement of previously approved, quality control specifications and 
test methods. These changes may be implemented before FDA approval upon acknowledgment 
by FDA that the submission is being processed as a "Special PMA Supplement - Changes Being 
Effected." This procedure is not applicable to changes in device design, composition, 
specifications, circuitry, software or energy source. - 

Alternate submissions permitted under 21 CFR 814.39(e) apply to changes that otherwise require 
approval of a PMA supplement before implementation of the change and include the use of a 
30-day PMA supplement or annual postapproval report (see below) . FDA must have previously 
indicated in an advisory opinion to the affected industry or in correspondence with the applicant 
that the alternate submission is permitted for the change. Before such can occur, FDA and the 
PMA applicant(s) involved must agree upon any needed testing protocol, test results, reporting 
format, information to be reported, and the alternate submission to be used. 

Alternate submissions permitted under 21 CFR 814.39(f) for manufacturing process changes 
include the use of a 30-day Notice. The manufacturer may distribute the device 30 days after the 
date on which the FDA receives the 30-day Notice, uriless the FDA notifies the applicant within 
30 days from receipt of the notice that the notice is not adequate. 
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POST APPROVAL REPORTS . Continued approval of this PMA is contingent upon the 
submission of postapproval reports required under 21 CFR 814.84 at intervals of 1 year from the 
date of approval of the original PMA. Postapproval reports for supplements approved under the 
original PMA, if applicable, are to be included in the next and subsequent annual reports for the 
original PMA unless specified otherwise in the approval order for the PMA supplement. Two 
copies identified as "Annual Report" and bearing the applicable PMA reference number are to be 
submitted to the PMA Document Mail Center (HFZ-401), Center for Devices and Radiological 
Health, Food and Drug Administration, 9200 Corporate Blvd., Rockville, Maryland 20850. The 
postapproval report shall indicate the beginning and ending date of the period covered by the 
report and shall include the following information required by 21 CFR 814.84: 

1. Identification of changes described in 21 CFR 814.39(a) and changes required to be 
reported to FDA under 21 CFR 814.39(b). 

2. Bibliography and summary of the following information not previously submitted 
as part of the PMA and that is known to or reasonably should be known to the 
applicant: 

a. unpublished reports of data from any clinical investigations or nonclinical 
laboratory studies involving the device or related devices ("related" devices 
include devices which are the same or substantially similar to the applicant's 
device); and 

b. reports in the scientific literature concerning the device. 

If, after reviewing the bibliography and summary, FDA concludes that agency review of one or 
more of the above reports is required, the applicant shall submit two copies of each identified 
report when so notified by FDA. 

ADVERSE REACTION AND DEVICE DEFECT REPORTING . As provided by 21 CFR 
814.82(a)(9), FDA has determined that in order to provide continued reasonable assurance of the 
safety and effectiveness of the device, the applicant shall submit 3 copies of a written report 
identified, as applicable, as an " Adverse Reaction Report " or " Device Defect Report " to the PMA 
Document Mail Center (HFZ-401), Center for Devices and Radiological Health, Food and Drug 
Administration, 9200 Corporate Blvd., Rockville, Maryland 20850 within 10 days after the 
applicant receives or has knowledge of information concerning: 

1 . A mix-up of the device or its labeling with another article. 

2. Any adverse reaction, side effect, injury, toxicity, or sensitivity reaction that is 
attributable to the device and: 

a. has not been addressed by the device's labeling; or 

b. has been addressed by the device's labeling but is occurring with unexpected 
severity or frequency. 
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3. Any significant chemical, physical or other change or deterioration in the device, or any 
failure of the device to meet the specifications established in the approved PMA that 
could not cause or contribute to death or serious injury but are not correctable by 
adjustments or other maintenance procedures described in the approved labeling. The 
report shall include a discussion of the applicant's assessment of the change, 
deterioration or failure and any proposed or implemented corrective action by the 
applicant. When such events are correctable by adjustments or other maintenance 
procedures described in the approved labeling, all such events known to the applicant 
shall be included in the Annual Report described under "Postapproval Reports" above 
unless specified otherwise in the conditions of approval to this PMA. This postapproval 
report shall appropriately categorize these events and include the number of reported 
and otherwise known instances of each category during the reporting period. Additional 
information regarding the events discussed above shall be submitted by the applicant 
when determined by FDA to be necessary to provide continued reasonable assurance of 
the safety and effectiveness of the device for its intended use. 

REPORTING UNDER THE MEDICAL DEVICE REPORTING (MDR) REGULATION . 

The Medical Device Reporting (MDR) Regulation became effective on December 13, 1984. 
This regulation was replaced by the reporting requirements of the Safe Medical Devices Act of 
1990 which became effective July 3 1, 1996 and requires that all manufacturers and importers of 
medical devices, including in vitro diagnostic devices, report to the FDA whenever they receive 
or otherwise become aware of information, from any source, that reasonably suggests that a 
device marketed by the manufacturer or importer; 

1 . May have caused or contributed to a death or serious injury; or 

2. Has malfunctioned and such device or similar device marketed by the 
manufacturer or importer would be likely to cause or contribute to a death or 
serious injury if the malfunction were to recur. 

The same events subject to reporting under the MDR Regulation may also be subject to the 
above "Adverse Reaction and Device Defect Reporting" requirements in the "Conditions of 
Approval" for this PMA. FDA has determined that such duplicative reporting is unnecessary. 
Whenever an event involving a device is subject to reporting under both the MDR Regulation 
and the "Conditions of Approval" for a PMA, the manufacturer shall submit the appropriate 
reports required by the MDR Regulation within the time frames as identified in 21 CFR 
803.10(c) using FDA Form 3500A, i.e., 30 days after becoming aware of a reportable death, 
serious injury, or malfunction as described in 21 CFR 803.50 and 21 CFR 803.52 and 5 days 
after becoming aware that a reportable MDR event requires remedial action to prevent an 
unreasonable risk of substantial harm to the public health. The manufacturer is responsible for 
submitting a baseline report on FDA Form 3417 for a device when the device model is first 
reported under 21 CFR 803.50. This baseline report is to include the PMA reference number. 
Any written report and its envelope is to be specifically identified, e.g., "Manufacturer Report," 
"5-Day Report," "Baseline Report," etc. 
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Any written report is to be submitted to: 

Food and Drug Administration 

Center for Devices and Radiological Health 

Medical Device Reporting 

PO Box 3002 

Rockville, Maryland 20847-3002 
Additional information on MDR is available at http://wwwJda.gov/cdrh/devadvice/351 .html 
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SyntheMed's Timeline/milestone to FDA approval of REPEL-CV 




TiTtif* f "From -To ^ 


ciihtni vcinn 

-Preclinical studies 2/96-10/96 
-Pilot manufacturing 10/97-1/98 
-Clinical protocol development 1 1/97-1/98 




IDE approval 


3/3/98 


TRR nnnrnvnl nrnppcc 

-Recruit centers 1/98-2/98 
-Prepare investigator brochure 1/98 
-Finalize CRFs 1/98 
-Submit/ documentation 2-98-6/10/98 


1/yO — U/ L\J/ y<J 


Pilot clinical study 

-Monitor study 6/10/98-2/28/99 
- Prepare clinical study report 1/99 
-Submit to FDA 2/28/99 


6/98 - 2/28/99 


Discussions with FDA to initiate feasibility study 
(supplements 11-19) 

-Define study population 2/01 

-Define incliision/pxclnsinn criteria S/01 

-Define primary and secondary clinical endpoints 6/01 

-Finalize protocol 11/01 

-Submit documentation to FDA for review/approval 4/09/01- 
12/03/01 


5/09/00-12/3/01 


Feasibility clinical trial 
IRB approval process 

-Recruit centers 4/02 

-Prepare investigator brochure 3/02 

-Finalize CRFs 3/02 

-Conmlete and submit documentation ^/02 

Initiate feasibility study 
-Monitor study 4/02-2/03 
- Prepare clinical study report 2/03 
-Submit to FDA 4/21/03 


3/02-4/21/03 


Discussions with FDA to initiate Pivotal study 

-Dpfinp studv nonulation 4/0^ 

-Define inclusion/exclusion criteria 4/03 

-Define primary and secondary clinical endpoints 4/03 

-Finalize protocol 4/03 

-Submit documentation to FDA for review/approval 4/21/03 


4/03-4/21/03 


TRR $)nni*AV$il nrnppcc 
l ivu <t|j^ii uviti pi utcss 

-Recruit centers 6/03-8/03 
-Prepare investigator brochure 6/03 
-Finalize CRFs 6/03 

-Complete/submit documentation and approval 7/03-12/03 


6/03 - 1 2/03 


Pivotal rlinipal cturlv 

-Monitor study 1/04-6/06 

- Prepare clinical study report 6/06-10/06 

-Contacted FDA, division selection to be made, c. 10/15/06 

-Submit to FDA 1/30/07* 


1/04 - 10/06 


Submit PMA 1/30/07 


1/30/07 


PMA Review Process 
-FDA panel 9/19/07 

-FDA inspection of manufacturing facilities and Quality 
System review 8/07-1/09 


2/07 to 3-6-09 


PMA Approval 


3-6-09 



APPLICATION FOR EXTENSION OF PATENT 
TERM UNDER 35 U.S.C. §156 



EXHIBIT F 



The FDA Division of General, Restorative and Neurological Devices approved the IDE 
and all other documentation were reviewed and approved by that Division. When 
Applicant's representative Eli Pines informed Mark N. Melkerson, the head of Division 
of General, Restorative and Neurological Devices, on or about October 15, 2006 that 
Applicant was ready to submit the PMA, Mr. Melkerson told Mr. Pines that his division 
was in discussion to move the review to the Division of Cardiovascular Devices (Bram 
Zuckerman's Division). After months of internal FDA discussion, the decision was made 
that Zuckerman f s division would be reviewing the PMA. Mr. Pines was informed of this 
decision in a telephone discussion on or about January 30, 2007. Below please find 
details for both divisions. 

Mark N. Melkerson 
Director 

Division of General, Restorative 
and Neurological Devices 
Office of Device Evaluation 
Center for Devices and 
Radiological Health 
Food and Drug Administration 
9200 Corporate Blvd. 
Rockville, MD 20850 



Bram Zuckerman, MD 
Director 

Division of Cardiovascular Devices (HFZ-450) 
Center for Devices and Radiologic Health 
Food and Drug Administration 
9200 Corporate Blvd. 
Rockville, MD 20850 
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